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Foreword 


‘The book is intended for students of medical faculty and faculty of 
stomatology of Azerbaijan Medical University as well as for young doctors 
specializing in oncology, young oncologists, a wide range of young doctors 
dealing with appropriate diseases and disorders associated with a high risk 
of developing malignant tumors. 

Our priority in this book has been to reflect the carcinogenic factors, 
situations of their intensive contact with people, ways to reduce the risk of 
developing malignant diseases, early diagnosis and multidisciplinary nature 
‘of modem cancer treatment. The book also systematically highlights 
diseases and hereditary disorders that contribute to the development of 
malignant neoplasms in various organs, which is extremely important for 
studying the prevention of the development of malignant tumors and for 
detecting malignant neoplasms at an early stage of development. We hope 
that this book will be a useful textbook for medical students to study 
oncology. 

I want to express my deep gratitude to all the authors of the articles, to 
the editors of scientific medical journals, to the heads of publishing houses, 
professional websites and organizations who generously responded to my 
requests and gave permission to use their illustrations in the book, which 
significantly increases information capacity of this book. We welcome 
comments; these are crucial for planning future editions, 

I dedicate this book to all of my colleagues, 


Ramiz B. Bayramov 
Professor of Oncology 

Azerbaijan Medical University 
Bak 
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EPIDEMIOL! 
TUMORS 


Malignant tumors have been observed throughout the entire history 
mankind. Ancient Egyptian and Grecian physicians had noted the existence 
of neoplasms, which were named as “carcinos” and “carcinoma” by Hip- 
pocrates (460-370 BC). In Greek it means a crab, These tumors were de- 
scribed like this due to finger-like spreading projections from a primary tu- 
mor that minded the shape of a crab. Later Roman physician, Celsius (28-50 
BC) translated this Greek term into “cancer”. Another Roman physician, 
Galen (130-220 AD) used the term “oncos” (swelling) to describe tumors. 
Nevertheless, more detailed information about tumors was collected at the 
beginning of the 20th century. Cancer ranked eighths among all causes of 
death in the United States in 1900s: in the second half of the past century, 
ranked the fourth among all causes of death, being the cause of one out of 
four cases of death. Currently, cancer ranks first (in Northern America, Eu- 
rope, Australia, ete.) or second (Brasilia, Russian Federation, etc.) among all 
causes of death in many countries (Figure 1.1). 

Annually, approximately 246 new cases of cancer (excluding nonmela- 
noma skin cancer) per 100,000 population are diagnosed globally, Given the 
objective reasons, one can propose that the real numbers may be higher. In 
the countries of Northern America, Europe and Oceania, where the average 
life expectancy is higher (78-80 years), the proportion of death due to ma- 
lignancy constitutes 19-23%. On the contrary, in countries of Africa, where 
the average life expectancy is 42-52 years, the proportion of death due to 
cancer is not higher than 4-5%. So, in the countries with an average life ex 
pectancy of >75 years, one out of 3-4 people die from malignancies, but 
they are the cause of one out of 27 deaths in countries, where the average 
life expectancy is <50 years. 

Annually, more than 18 million new cases of cancer (excluding nonmel- 
anoma skin cancer) are registered globally (according to GLOBOCAN. 
2020). The increase in average life expectancy, improved diagnostic possi- 


AND STATISTICS OF MALIGNANT 
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bilities, wider public awareness of malignancy led to increase in incidence 
of cancer by >3.0% per year. 

Cancer is a serious obstacle to the issue of increasing of life expectancy 
in all countries of the world. Malignant diseases ruin life not only for cancer 
patients, they also carry a serious burden for their families and for whole 
community and society as a whole. According to recent data, every second 
‘man and every third women die from cancer in the United States and Eu- 
rope. In those regions every second Family experiences grief from cancer. 
According to WHO, the influence of malignant disease on global economy 
constituted nearly 1.16 trillion USD in 2010. 


EPIDEMIOLOGICAL FEATURES OF CANCER PREVALENCE 


Prevalence of different malignancies among people living in various ge- 
‘ographical, cultural, houschold and socioeconomic conditions differs, which 
provides valuable information about possible causes of malignant tumors. 

Studying of cancer incidence in immigrants compared with local people 
makes clearly understand what factors play the main role in the develop- 
ment of any cancer: the environmental (exogenous) agents or the factors re- 
lated to inheritance, ethnicity or racial properties. The incidence of colorec- 
tal carcinoma in Japanese immigrants in the United States is nearly equal to 
that in fair-skinned Americans, but 6-fold higher compared to that in Japa- 
nese people living in Japan. In addition, the incidence of breast carcinoma in 
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fair-skinned Americans is 6-fold higher compared with that in Japanese 
people, but only 1.6 higher compared to that in granddaughters of Japanese 
immigrants living in the United States. On the contrary, the incidence of 
gastric carcinoma in Japan is 12-15-fold higher compared to that in the 
United States, but in Japanese immigrants in the United States (living for the 
last two decades in the United States) is only 2-fold higher compared to that 
in local American people. These data indicate to decisive role of environ- 
mental factors and lifestyle in development of the mentioned malignant tu- 
mors. 

Parallel age-related dynamics in incidences of two or more malignant 
tumors confirm the role of common factors facilitating the development of 
those malignancies. Age-related dynamics in the incidences of ovarian car- 
cinoma and endometrial carcinoma demonstrates that the incidences of both 
cancers increase by the end of the reproductive age, and the peak incidences 
of both carcinomas are observed in the menopausal period. Unlike gastroin- 
testinal carcinomas (gastric carcinoma, colorectal carcinoma etc.), the inci- 
dence of which continues to increase further after the age of 60, ovarian and 
endometrial carcinomas do not demonstrate similar pattems of dynamics. 
‘The aforementioned arguments indirectly confirm that ovarian carcinoma 
and endometrial carcinoma share the common aetiologic factors, which are 
not the same factors playing role in the development of gastric carcinoma 
and colorectal carcinoma. Similar different age-related incidences of cervi- 
cal carcinoma, vaginal carcinoma and vulvar carcinoma are observed, alt- 
hough, these anatomical structures are adjacent: if cervical carcinoma affect 
mostly the women of reproductive age, vaginal carcinoma are detected in 
adult and elderly women, and these carcinomas do not resemble vulvar car- 
cinoma in that aspect. These arguments indirectly confirm that the aetilogic 
factors playing role in the development of the last three malignant tumors 
are not entirely the same. 


PREVALENCE OF MALIGNANT TUMORS BY GEOGRAPHIC 
REGIONS 


Malignant tumors are characterized by various incidences in different ge- 
ographic regions. It is related to the fact that various environmental factors 
play role in development of different malignant tumors and their intensity is, 
not similar in different regions of the world. 

‘The incidence of a particular malignant tumor can be observed with a dif 
ference of up to 200 times in incidence in different regions of the world. The 
incidence of cutaneous carcinoma is 200-fold higher in Australia compared 
to India; the incidence of esophageal carcinoma is 100 times higher in 
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Northern China compared to Netherlands; the incidence of hepatocellular 
carcinoma is approximately 100-fold higher in Uganda compared to Bir- 
mingham (UK). Various incidences of any malignant tumor in different re- 
gions show that environmental factors play the crucial role in the develop- 
‘ment of this tumor. 

Ratio of histological types of tumors can also differ depending on geo- 
graphic regions. For example, esophageal carcinoma is mostly seen as 
squamous cell carcinoma in regions, where the incidence of this carcinoma 
is very high (¢.g., in Central Asia); in contrast to this, adenocarcinoma is the 
predominant histological type of esophageal carcinoma in regions with low- 
er incidence of this cancer (e.g., in the United States). Gastric carcinoma is 
commonly seen as an intestinal type (according to Lauren classification) in 
regions, where the incidence of this carcinoma is very high (e.g.. in Japan, 
Korea ete.); on the contrary, diffuse type is the predominant histological 
type of gastric carcinoma in regions with lower incidence of this cancer 
(eg. in the United States) .These arguments indirectly confirm that the de- 
velopment of squamous cell esophageal carcinoma and intestinal type gas- 
tric carcinoma have a strong association with environmental factors, and 
that the intensity of these factors are very high in those regions, 

Sometimes the same tumor demonstrates similar incidence in regions ge- 
ographically distant from each other. For example, the incidence of coloree- 
tal carcinoma is very high in English speaking countries, in the United 
States, England, Australia and New Zealand. It is obvious that there is not 
direct link between the development of cancer and any language, but lin- 
guistic commonality may lead to similarities in lifestyle and culinary that 
play the crucial role in the development of colorectal carcinoma, The high- 
est incidence of esophageal carcinoma is observed in geographic region 
called as “esophageal carcinoma 
belt” in cancer epidemiology, which 
extends from Iran (mainly in its 
northern part) through Central Asia 
to North-Central China regardless of 
ethnic structure of those countries 
(Figure 1.2). The situation is similar 
with the incidence of renal carcino- 
ma in the Czech Republic; although 
the population of the Czech Repub- 
lic accounts for 1.5% of all Europe- Figure 12 Geographical reion with the 
an population, 3% of renal carcino- highest incidence of esophageal carcinoma 
ma cases diagnosed in Europe are Worldwide ("esophageal cancer bet") 
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detected in this country. It is noteworthy that like in the Czech Republic, the 
incidence of renal carcinoma is high in the regions of Germany located near 
the Czech Republic (Brandenburg, Mecklenburg) compared to other regions 
of Germany, thereby demonstrating no dependence on ethnicity. ‘These ar- 
guments confirm that the environmental factors are more crucial in the de- 
velopment of the aforementioned cancers rather than ethnicity. 


DYNAMICS OF THE INCIDENCE OF MALIGNANT TUMORS 


Lifestyle changes regarding the activity and nutrition culture of the popu- 
lation in a certain region or worldwide, can lead to a gradual decrease or in- 
crease in incidence of certain malignant tumors. These changes often pro- 
vide a clue to the identification of the factors that play a role in the devel- 
opment of the respective tumors. Since the second quarter of the last century 
to this day there has been a slight but continuous decline in the incidence of 
gastric cancer worldwide. But this does not apply to the incidence of earci- 
noma of the esophagogastric junction (EGD), despite the contiguity of these 
anatomical structures. If by the end of the 20th century, there was registered 
30-40% decrease in the incidence of gastric carcinoma compared to that in 
its second quarter, the incidence of EGJ carcinoma increased 3 times within 
the last 3-4 decades in many European countries. These arguments provide 
ground for concluding that carcinogenic factors for development of gastric 
carcinoma and EGJ carcinoma are not identical. The decrease in incidence 
of gastric carcinoma is explained by 
continuous availability of fresh 
fruits and vegetables (due to wide- 
spread use of refrigerators because 
of that, at present, foodstuffs are less 
and less often stored in salted and 
smoked form, which are major car- 
cinogenie factors for the gastrie mu- 
cosa) and decrease in prevalence of 


H. pylori infection due to improve 
ment of sanitary conditions and use 
of effective antibioties. 

Abnupt increase in the incidence 
of thyroid carcinoma in recent dec- 
ades in Belarus (especially among 
teenagers and young people) is 
linked to nuclear disaster in Chemo 
byl in 1986 (Figure 1.3). English 


Figure 1.3. Incidence of thyroid carcinoma 
in patients of different age groups at diag 
nosis in Belarus after the Chernobyl acci- 
dent. Yamashita S, Suzuki S, Suzuki S. et 
fa Lessons from Fukushima: latest findings 
of thyroid cancer after the Fukushima nu- 
clear power plant accident. Thyroid, 2018; 
‘28: 11-22. Available under the CC BY 4,0 
license 
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speaking countries (England, the United States, Australia, New Zealand), as 
a rule, have always been distinguished by the highest incidence of colorectal 
carcinoma, but recently the dynamics have stabilized and even a slight de- 
crease is being observed. In the last few decades, an increase in the inci- 
dence of colorectal carcinoma has been observed in Spain (Spain has always 
been distinguished by lower incidence of colorectal carcinoma) that is ex 
plained by gradual change in lifestyle, by so called “westemization”, which 
consumption of 
An increase in 
the incidene in the last few 
decades is related to the increasing prevalence of smoking among females in 
those countries. Due to this factor, in the last decades, squamous cell lung, 
carcinoma, which was less common in women before, is seen more fre- 
compared to lung adenocarcinoma in female population of the 
ountries. 

‘The incidence of breast carcinoma increased by 30% by the end of 1990s 
compared to 1980s in the Wester countries that is explained by widespread 
use of hormone replacement therapy during that period of time and by im- 
provement of screening programs for this cancer. Since 2000s, the incidence 
of breast carcinoma has demonstrated a gradual decline in some Western 
countries (the United States, the United Kingdom, Australia, France), which 
is explained by the fact that hormone replacement therapy is being used less 
and less in those countries in the last two decades. Nevertheless, in the last 
few decades, the incidence of breast carcinoma is increasing in countries of 
Africa and Asia that is explained by gradual “westemization” of lifestyle in 
those regions. The recent decrease in incidence of prostatic carcinoma (by 
7%) in the United States is explained by the fact that according to recom- 
mendations of USPSTF, in the last decade, PSA test is being used less and 
{ess in men aged higher than 75. 


PREVALENCE OF MALIGNANT TUMORS BY AGE AND SEX 
GROUPS 


It is known that normal cell tums into a malignant one as a result of gene 
mutations (in both copies of a gene). which control cell division: firstly, one 
copy of the gene is mutated, further, as the effect of the carcinogen contin- 
ues, the second copy undergoes mutation. It is obvious that not in all the 
cells of any organ, the same gene is mutated at the same time, Over time, 
more and more cells acquire one mutated copy (if the effect of the same car- 
cinogenic agent continues). and when the likelihood of mutation in the s 
ond copy reaches to a significant level (that depends on the ratio of the cells 
with mutated copy and not mutated cells), mutation in the second copy can 
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occur (Knudson’s “two-hit” theory) 
(Figure 1.4), In this state, the normal 
function of the tumor suppressor 


ed for the transformation of normal 
cell into malignant one. Certainly, 

all these processes take a long time 

to complete, and not even years, but 

whole decades. Therefore, w 

increasing of age, the risk of devel- 

oping malignant tumors also 

creases. In other words, the inci- 

dence of malignant tumors (almost 

all) increases with age, this trend 

increases until the end of the life. 

‘That is why, the incidence of malignant tumors and cancer-related death rate 
directly depends on the average life expectancy of the population in a given 
region (see above). 


anism. So in people with germline mutations, one copy in all cells is mutat- 
ed, and it is sufficient that the carcinogen affects another copy of the gene in 
any cell at first contact to launch the process of malignization. 

‘Some malignant tumors are mostly seen in adults in some regions, but in 
much younger people in other regions. This is due to the fact that different 
carcinogenic agents are involved in the development of this tumor, the in- 
tensity of which differs in different regions of the world, and depending on 

style, people may have contact with them in different age period. For ex- 
ample, different factors play a crucial role in the development of hepatocel- 
lular carcinoma: exposure to aflatoxin, produced by Aspergillus flavus; hep- 
atitis B or C viruses; regular consumption of alcohol in a significant amount. 
Aflatoxin is found in grains and products from crushed grain, particularly in 
some countries of Africa. Likewise, hepatitis B and C virus infections are 
very common in Africa and Asia, but uncommon in Europe. On the contra- 
ry, alcohol is consumed much more in Europe compared with Africa and 
Asia, People from early days of their life are exposed to aflatoxin and hepa- 
titis B and C viruses, but alcohol is mostly consumed starting from the end 
of the second decade of life or thereafter. If theoretically assume that the 
period from the first exposure to carcinogenic factors to the detection of ma- 
lignant tumors is approximately 25-30 years, it is not difficult to explain 
why the average age of patients with hepatocellular carcinoma is 15-20 
years younger compared to that in Europe. 
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Malignant tumors of particular organ are frequently characterized by dif- 
ferent incidence rate in men and women. The difference can vary 1.5-fold to 
dozens of times. The differences in incidences of malignant tumors in men 
and women might be related to hormonal status, work habits, lifestyle, ete 

Much higher incidence of breast carcinoma in women is related to typical 
hormonal status of female body. Facial cutaneous carcinoma and lip earci- 
noma are diagnosed in men much more frequently compared with women 
due to the fact that men are more intensely exposed to UV-radiation owing 
to peculiarities of their occupation, which plays the main role in the devel- 
opment of the mentioned carcinomas. Cutaneous melanoma on the extremi- 
ties and trunk is more common in women compared with men owing to 
more revealing clothing, due to which the skin on the uncovered parts of the 
body is exposed to UV-radiation. Higher incidence of hepatocellular carci- 
noma in men is related to the fact that men more frequently need hemotrans- 
fusion, and drug addiction is more common among them, which create con- 
ditions for infection of hepatitis B and C viruses. In addition, compared with 
women men are more likely to consume alcohol, which is also one of the 
causes of hepatocellular carcinoma. Higher incidence of lung carcinoma 
among men compared to female population is related to higher prevalence 
of smoking among males. 

Different histological types of the same malignant tumor may be ob- 
served in characteristic age groups. This most likely reflects the nature of 
the main carcinogenic factor. For example, gastric carcinoma in young peo- 
ple is more frequently seen in the type of diffuse carcinoma (according to 
Lauren classification), in older people in the type of intestinal carcinoma. 
Intestinal type gastric carcinoma develops against the background of intesti 
nal metaplasia, which accompanies long term chronic disease (chronic 
atrophic gastritis) developing as a result of long-term exposure to environ- 
mental or intrinsic factors. Given the fact that for completion of every stage 
of this multistep process (chronic atrophic gastritis ++ metaplasia —> dyspla- 
sia > carcinoma) years, even decade is needed, it is not difficult to explain 
Why intestinal type gastric carcinoma is commonly observed in old age. 

Despite the fact that the vulva, vagina and cervix uteri are adjacent ana- 
tomical structures, creating a kind of anatomical unit in relation to carcino- 
genic factors, and are covered with squamous epithelium, and that carcino- 
mas of these structures are strongly (with various degree) associated with 
HPV infection (mainly, HPV16 and HPV18), the average age of the patients 
upon detection of the corresponding carcinomas differs significantly (Figure 
1.5). which indirectly confirms that these anatomical structures have differ- 
ent susceptibility to carcinogenic factors, and that cofactors may participate 
in development of the appropriate malignancies. 
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Figure 1.5, Incidence of HPV- 
associated cancers in the United 
‘States in 2011-2015 and mean ages of 
aS ee oe TT se pati i 


patients at diagnosis. According to 
L_dindeen acon ‘Viens LI et al. (2016), 
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Malignant tumor can arise from any cell of the body. Depending on that 
how frequently a given tissue gets in contact with a certain carcinogenic fac 
tor, and that to what intensity of that factor the tissue is exposed, malignant 
tumor develops from one tissue very often, from another infrequently or 
rarely. Despite the fact that epithelium constitutes 4-5% of the body weight, 
about 90% of malignant tumors arise from epithelium. This is due to the fact 
that, regardless of their nature and routes of exposure, environmental car- 
cinogenic agents primarily and with greater intensity get in contact with epi- 
thelial cells. In other words, the carcinogenic factors most intensely affect 
the epithelial cells when they are in contact with the body. Ultraviolet (UV) 
rays that reach the Earth surface, mainly affect the epithelial cells (melano- 
cytes as well) of uncovered skin areas, which contributes to the development 
of cutaneous carcinoma (as well as cutaneous melanoma, respectively). Car- 
cinogenic agents entering the body in the air primarily get in contact with 
the epithelium of the respiratory tract and alveolar epithelium of the lungs, 
(certainly, more intensely with the former). which can lead to the develop- 
ment of laryngeal or lung carcinoma. Carcinogens entering the body in the 
food, firstly and in the higher concentration, get in contact with the epitheli- 
uum of the mucosa of the digestive tract, Carcinogens absorbed from the lu- 
men of the digestive tract into the portal system enter the liver via blood- 
stream and come in contact with hepatocytes, which are also epithelial cells. 
Most of the carcinogens are extracted from the portal bloodstream by 
hepatocytes, excreted into the biliary tract and come in contact with cholan- 
giocytes, the epithelium covering the biliary tract inside, and so on. For this 
reason, malignant tumors are less likely to develop from tissues (muscle, 
connective and nervous tissues) that do not have direct contact with car- 
cinogenic factors. 


CARCINOGENIC AGENTS 


‘The factors that contribute to the development of malignant tumors are 
called carcinogenic factors. Carcinogenic factors are a type of mutagens 
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that cause mutations in precisely those genes that are responsible for cell 
division and growth. These genes include tumor suppressor genes, genes 
that repair DNA defects, proto-oncogenes, genes related to apoptosis, ete. 

As mentioned earlier, up to 20 million new cases of malignancies are di- 
agnosed annually, and this number continues to increase. Most cancers are 
caused by certain carcinogens, which will be discussed below. 

International Agency for Research in Cancer (IARC) classifies carcino- 
genic agents as follows (2021): 

Group 1; carcinogenic to humans (121 agents), Sufficient evidence of 
carcinogenicity; 

Group 2A: probably carcinogenic to humans (89 agents). Limited evi- 
dence of carcinogenicity to humans and sufficient evidence of carcinogenic- 
ity in experimental animals; 

Group 2B: possible carcinogenic to humans (318 agents). Limited evi- 
dence of carcinogenicity to humans and less sufficient evidence of carcino- 
genicity in experimental animals; 

Group 3: not classifiable as to its carcinogenicity to humans (499 
agents). Evidence of carcinogenicity is inadequate in humans and in exper- 
imental animals. 

Depending on what is the source of carcinogenic agent (environment or 
the organism itself). carcinogenic factors are divided into two main groups: 
exogenous (environmental or extrinsic) and endogenous (intrinsic). De- 
pending on the nature, environmental carcinogenic agents are divided into 
three subgroups: chemical, physical and biological. Intrinsic factors can be 
subdivided into five subgroups: hereditary, hormonal, immune, metabolic, 
and anatomical (Figure 2.1). 

Various carcinogenic factors play a role in the development of particular 
cancer, and depending on locations and histological types of malignant tu- 
mors, the quantitative significances of those factors are different, For exam- 
ple, if exogenous factors demon- 
strate a clear superiority in the etio- 
logical panorama of lung, laryngeal 
and bladder carcinomas, they just 
play a significant role in the di 
opment of breast carcinoma. In gen- 
eral, environmental factors play a 
special role in development of 
cers in adults; intrinsic factors in 
development of malignancies in 
children and young people. Regard- 
less of their nature, environmental 


INTRINSIC EXTRINSIC 


Figure 21. Intrinsic and extrinsic factors 
facilitating the development of cancer. 
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factors cause malignant tumors by affecting the genetic apparatus and intra- 
cellular system of enzymes that play a role in cell division. It should be not- 
ed that environmental agents include multiple factors, which are associated 
With lifestyle (see below). 80-85% of cases of cancer are the result of expo- 
sure to environmental factors. Development of the overwhelming majorit 
of malignant tumors from epithelium clearly reflects the decisive role of ey 
trinsic factors. So as stated earlier, epithelium constitutes about 4-5% of to- 
tal body mass, while approximately 90% of all malignant tumors arise from 
epithelium. It is important to note that most of the environmental carcino- 
gens or an increase in their intensity or extensity are the result of human ac- 
tivity, since over millions of years living creatures have developed protec- 
tive mechanisms against natural carcinogenic agents in that intensity in 
Which the live nature had contact with them. 


‘The etiology of malignant tumors is multifactorial In other words, in the development 
of particular malignant neoplasm, multiple extrinsic and intrinsic factors may play a role, 
simultaneously or sequentially. 

‘An example of joint action of multiple intrinsic factors: hereditary (inherited BRCA1/2 
‘mutations) + hormonal (excess endogenous estrogen exposure) ~» development of heredi- 
tary breast carcinoma. 

‘An example of joint action of intrinsic and environmental factors: hereditary (xeroder- 
‘ma pigmentosum) + physical (U'V-radiation) + development of cutaneous carcinoma (or 
cutaneous melanoma) in individuals with pigmented xeroderma. 

‘An example of combined action of multiple intrinsic and extrinsic factors: hereditary + 
immune + HPV infection + UV-radiation ~» development of cutaneous carcinoma in in 
dividuals with epidermodysplasia verruciformis (see page 174). 


Chemical carcinogens 


Among all types of environmental carcinogens, chemical carcinogenic 
agents occupy the first place in the number of cancer cases associated with 
their effect. A certain proportion of chemicals have significant carcinogenic 
potential, Given the fact that new chemical compounds are being introduced 
day after day in everyday life and conducting research to study carcinogene- 
sis for each chemical compound is not an easy task, it is difficult to make a 
list of their carcinogenic potential, 

‘The first ideas about the role of chemical agents in the development of 
malignant neoplasms rose at the end of the 18" century, when it was ob- 
served that an unusual number of scrotal cancer was detected among chim- 
ney cleaners. At the end of 19" century, a high prevalence of bladder cancer 
among paint factory workers attracted attention. 

In 1880-1890 in London at St Bartholomew's Hospital, out of 30 patients receiving. 


treatment for scrotal cancer, 29 were chimney cleaners, In 1910-1912, 29% of chimney 
cleaners died of scrotal cancer. 
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Most carcinogenic agents, according to IARC classification, are chemical 
carcinogens. Chemical substances with proven carcinogenicity (group 1) 
include formaldehyde, benzpyrene, benzene, benzidine, vinyl chloride, 2- 
naphthylamine, trichloroethylene, aflatoxin, thiotepa, cyclophosphamide, 
etoposide, busulfan, melphalan, cyclosporine, azathioprine, diethylstilbs 
trol, tamoxifen, phenacetin, toluidine, arsenic and its compounds, beryllium, 
cadmium, chromium and its compounds, etc. Chemical substances with 
probable carcinogenicity (group 2A) include vinyl fluoride, acrylamide, tet- 
rachloroethylene (perchloroethylene). cisplatin, adriamycin, nitrogen mus- 
tard, chloramphenicol, anabolic steroids, ete. Chemical substances with pos- 
sible carcinogenicity (group 2B) include phenolphthalein, naphthalene, mel- 
amine, dimethylaminoazobenzene, acetaldehyde, thiouracil, metronidazole, 
sulfasalazine, dacarbazine, phenobarbital, mitomycin C, lead, nickel, cobalt 
and its compounds. 

Most (or almost all) chemical carcinogens are the product of the result of 
purposeful human activity and were intended for medical, commercial, agri- 
cultural, military or other purposes. And, surely, the number of chemical 
carcinogenic agents will increase during the further activities of people, de- 
spite the sometimes-imposed restrictions on the use of certain substances. 

Most of the carcinogenic substances have a direct carcinogenic effect on 
the organism. Some substances are not carcinogenic, but after entering the 
body. they are converted into chemical compounds that acquire carcinogenic 
properties. For example, nitrates in food or nicotine in cigarette smoke by 
themselves do not have a carcinogenic effect, but after entering the body. 
nitrates can ultimately be converted into nitrosamines in the lumen of the 
stomach (see page 319), and nicotine, absorbed into the blood (through the 
alveoli of the lungs) undergoes metabolism in the lungs, liver, kidneys and 
is converted into nitrosamines. In the first case, they pose a danger for the 
development of gastric carcinoma, in the second, for many malignant tu- 
mors in various organs. 

Environmental factors associated with lifestyle and occupation can affect 
the organism with several carcinogenic substances. For example, cigarette 
smoke and exhaust gases contain PAHs (3,4-benzpyrene, — ben- 
zo[b]fluoranthene, etc.), aromatic amines (naphthylamine, benzene), tar par 
ticles, which are a concentrate of potential carcinogens. These carcinogens 
exist in the smoke and tar, which are formed as a result of combustion of 
carbon-containing fuels (coal, oil products, firewood, peat, etc.). Aromatic 
amines such as 2-naphthylamine and benzene, which are used in rubber and 
leather industries, are more likely to contribute to the development of blad- 
der cancer in workers employed in the production and use of aromatic 
amines. Lung cancer is observed several times more often in workers em- 
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ployed in factories for the production of asbestos, nickel, chromium, in gold 
and iron mines. 

Chemical carcinogens can affect either a specific organ without posing a 
hazard to other organs, or they can pose a threat to several organs al once, 
Aflatoxin, for example, causes cancer only in the liver, 2-naphthylamine in 
the bladder, and nitrosamines and PAHs in many organs, depending on the 
route of exposure. 

In conclusion, studies carried out on identical twins confirm that about 
90% malignant neoplasms are associated with lifestyle, which includes var- 
ied combinations of numerous environmental carcinogenic agents. Effect of 
environmental carcinogenic agents not only results in development of spo- 
radic malignant tumors, but also cancers associated with hereditary disor- 
ders. Mutation of the second copy of a gene (with germline heterozygous 
mutations) also occurs under the influence of environmental factors. 


Physical carcinogens 

Physical carcinogenic agents include ionizing and UV radiations, me- 
chanical and thermal factors. Ionizing an UV radiations deserve special at- 
tention due to their strong carcinogenicity. These factors are classified in the 
first group of carcinogenic agents according to the IARC classification, lon- 
izing radiation includes gamma rays, X-rays, cosmic rays, alpha and beta 
particles. Such high-energy beams with high frequency of waves can dam- 
age the DNA of cells and lead to development of malignant cells (Figure 
2.2), Rays that have electromagnetic energy with a low frequency of waves 
(microwaves, radio waves, etc.) are not capable of damaging the DNA of 
cells and promoting the development of malignant ces, 

Ionizing radiation is the cause of the development of about 4-5% of cases 
of malignancies. Despite the fact that this factor is capable of causing a ma- 
lignaney in almost all organs, the 
bone marrow, thyroid gland and 
mammary gland are particularly 


sensitive to the effect of ionizing my ee, 2 —~-B 
radiation. Per year, a person is ex- os 
S & 


= ‘malignant cell 


posed to ionizing radiation in a total 
dose of 3.6 mSv (millisievert). The 

sources of such a dose are cosmic 

rays and the fission of radionuclides ee ae 
in the Earth (0.3 mSv), radionu- Figure 22. Schematic description of occur 
clides (mainly from “K) existing in rence of malignant tumor as a result of irra 
the body (0.4 mSv), Rn (2.0 diation. 
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mSv), medical radiation (0.5 mSv) 
and food, grown in soil contaminat- 
ed with radioactive substances as a 
result of nuclear explosions (0.1 
mSv). Per millisievert increase in 
this total dose per year leads to an 
increase in deaths from cancer by 3- 
5 cases per 100,000 population per 
year. Young people are more sensi- 
tive to the effect of ionizing radia- PARTH 
tion than older people. Figure 23. Protection of the Earth from 

UV lights are the shortest wave- ulttaviolet radiation by the ozone layer of 
length fraction of solar radiation *® stmosphere 
(200-400 nm) and occupy the spectral range between visible and X-ray radi- 
ation. UV lights are divided into three bands on the basis of wavelength: 
UVA (wavelength 315-400 nm); UVB (wavelength 280-315 nm); UVC 
(wavelength 200-280 nm). UV rays with high frequency (UVC) are ab- 
sorbed by the ozone layer of the atmosphere: UVB and UVA, which have 
lower energy compared to UVC. reach to the Earth's surface (Figure 2.3). In 
other words, due to the fact that the ozone layer of the atmosphere does not 
transmit UVC, the role of such rays in the development of skin melanoma 
and carcinoma is insignificant (despite the fact that this fraction has the 
highest energy). In the development of cutaneous malignancy, UVB and the 
fraction of the UVA close to UVB play a role. Due to the fact that erythema 
and sunburn are caused by UVB, which have an association with skin carci- 
noma and melanoma, this range is assumed to be a specific carcinogenic 
fraction, It should be noted that nucleic acids and proteins absorb UVB 
light. Despite the fact that the absorption peak covers the range with a wave- 
length of 260-280 nm, which correspond to the UVC radiation, this, as indi- 
cated above, does not reach the Eart is damaged as a 
result of UVB light absorption by nu 

‘The intensity of UV radiation is much higher in geographic latitudes 
close to the equator. It should be noted that UV lights are not able to pene- 
trate into the deeper tissues, therefore, they pose a danger to the develop- 
ment of only skin carcinoma, skin melanoma and lip carcinoma (Figure 
2.4), Melanin, a natural skin pigment produced in melanocytes, has the abil- 
ity to absorb UV lights. Therefore, UV radiation poses a greater danger to 
fair-skinned people compared to Africans, South Americans and Asians. For 
this reason, skin cancer is incomparably more common in Australia, since it 
is located in the geographic latitude close to the equator and the population 
of this region is fair-skinned. Red-haired people, persons with chromosomal 
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breakage syndromes (xeroderma 
pigmentosum, Bloom syndrome, 
Fanconi anemia, ete.) are especially 
sensitive to the carcinogenic effects 
of UV radiation. 

Tonizing radiation causes cleav- 
age, fragmentation, deletion and 
translocation in the DNA chain, 
Which lead to the development of 
malignant cells, UV radiation induc- 
es two types of damage: the for- 
mation of pyrimidine-pyrimidone 6- 
4 photoproducts (formed by adja- Figure 24. Schematic description of the 
cent pyrimidine bases) and cyclobu-  sbility of UV rays to penetrate into the lay- 
tane pyrimidine dimers (formed by “9! the skin. 
thymine and cytosine bases), which are premutagenic damages for GC to 
AT transitions, a point mutation characteristic of mutagenesis induced by 
UV radiation. 

Very hot drinks (>65 °C) are classified by IARC in carcinogenic group 
2A (in the group of agents with probable carcinogenicity). This factor. by 
damaging the mucous membrane of the upper digestive tract, makes it vul- 
nerable to the effects of strong carcinogens; besides, chronic thermal irrita- 
tion itself may lead to the development of cancer in the organs of the upper 
digestive tract. 

Despite the fact that chronic mechanical injury to the tissues is not classi- 
fied by IARC in the group of carcinogens, it is considered that it may cause 
malignant tumors in certain sites, It is believed that the sharp edges of cari 
ous teeth chronically traumatizing the oral mucosa can lead to the develop- 
ment of oral mucosa cancer. It is possible that this is due to the fact that a 
damage to the surface of the mucous membrane as a result of chronic me 
chanical irritation can make this area vulnerable to the effects of other car- 
cinogens. The development of oral mucosa carcinoma often on the lateral 
surfaces of the tongue indirectly confirms the role of this factor. 
cutaneous papilloma or nevus against hard parts of clothing can also be as- 
sociated with development of cutaneous malignancies. 


Biological carcinogens 


Biological carcinogens are live creatures, which include certain microor- 
ganisms (bacteria, viruses, fungi) and parasites. It is estimated that approxi 
mately 15-18% (21-26% in less developed, $-9% in developed countries) of 
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eases of malignant tumor are associ- 
ated with biological carcinogenic 
agents, 

‘The biological carcinogens of the 
first group, according to the IARC 
classification (the group of agents 
with proven carcinogenicity), in- 
clude the Epstein-Barr virus (EBV), 
certain types of human papilloma- 
virus (HPV16, HPVI8, HPV31, 
HPV33, HPV3S, ete), Kaposis sar ——— ae 
coma het virus (KSHV, another Figure 25. Association nfectious agents 
seston herpesvirus-8, HHV- 8% malignant tumors. 
8), human immunodeficiency virus type 1 (HIV-1), hepatitis B virus (HBV), 
hepatitis C virus (HCV), human T-lymphotropic virus type 1 (HTLV1), 
Helicobacter pylori (H. pylori), Schistosoma haematobium (S. haematobi- 
um), Schistosoma japonicum (S. japonicum), Opisthorchis viverrini (O. vi- 
verrini), Clonorchis sinensis (C. sinensis) (Figure 2.5). Some tumors associ- 
ated with biological carcinogenic agents are endemic and occur in specific 
regions. Although EBV is an ubiquitous virus, the Burkitt lymphoma asso- 
ciated with this virus is endemic and occurs in Tropical Africa (in sub- 
Saharan Africa), where endemic malaria (Plasmodium falciparum) is raging. 
In this region, 90% of Burkitt lymphoma cases are associated with EBV. It 
is noteworthy that 10% of gastric carcinoma cases are associated with EBV, 
and unlike Burkitt lymphoma and nasopharyngeal carcinoma (more than 
half of cases of nasopharyngeal carcinoma worldwide are diagnosed in Chi- 
na, where it is associated with EBV in 90% of cases) EBV-associated gas- 
tric carcinoma does not demonstrate endemism. It should be noted that in 
the United States, nasopharyngeal carcinoma and Burkitt lymphoma are 
very rarely associated with EBV. HTLV1 is an endemic virus in Southern 
Japan and the Caribbean that causes T-cell leukemia, The other tumors 
caused by certain biological carcinogens are found in all regions of the 
world with different incidence rates. HPV16 and HPVI8 are responsible for 
about 75% of cervical carcinoma cases, and the incidence of this cancer var- 
ies from region to region. The risk of HPV infection and thus, the incidence 
of cervical carcinoma varies with religion, customs, ete. /1. pylori infection 
is observed in all regions of the world, but the prevalence of this infection is 
higher in East Asia, therefore the highest incidence of gastric carcinoma is 
observed in this region: 60% of cases of gastric carcinoma worldwide are 
found in 4 countries of East Asia (Mongolia, Korea, China and Japan). 
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Biological carcinogens can promote the development of a particular tu- 
mor in a particular organ (a single tumor or tumors of different histostruc- 
tures in the same organ) or in various organs. O. viverrini and C. sinensis 
infections are associated only with cholangiocarcinoma. Associations be- 
tween these parasites and malignant tumors of other sites have not been es- 
tablished. H. pylori infection contributes to the development of malignant 
tumors (tumors with different histostructures and via different mechanisms) 
mainly in the stomach: gastric carcinoma and gastric MALT lymphoma, 
EBV infection is associated with nasopharyngeal carcinoma, Burkitt lym- 
phoma, and gastric carcinoma. HPV infection contributes to the develop- 
ment of squamous cell carcinoma in various organs: in the cervix, anal ca- 
nal, oral mucosa, esophagus, ete. 


Hereditary factors 


Malignant cells are autonomous cells, and their division, growth and mi- 
gration are not subject to the normal control mechanisms of the body. Nor- 
mally, all these processes are regulated by a cascade of genes, which afler 
receiving extracellular signals control all cellular functions in a coordinated 
way, step by step. Certainly, all these processes go flawlessly only in the 
case when both copies or one copy of the particular gene are not mutated 
(vt, wild type). Carcinogens ultimately form malignant cells by inducing 
mutations in both copies of particular genes. In other words, carcinogenic 
agents have the ability to mutate the genes that are normally involved in cell 
division, growth, and migration. During the first attack on DNA, careino- 
genic agents cannot mutate both copies (according to the Knudson’s “two- 
hit” hypothesis); first, one copy undergoes mutation, over time, cells that 
already have one mutated copy (mt, mutant type) can become a target for the 
second attack of the same carcinogen. It should be noted that, depending on 
the carcinogen that induced this mutation, and on the lifestyle (lifestyle con- 
tributes to how often and intensively the body is attacked by carcinogenic 
agents), according to the law of probability, the period between two attacks 
can last a long time, even years. It is not necessary that all cells with one 
mutated copy undergo a second attack of the same carcinogen; in most cas- 
es, they may undergo physiological death before the second attack. 

Unlike the aforementioned somatic mutations, in germline heterozygous 
mutations, one copy in the maternal or paternal line is passed to the zygote 
in mutated state (or deleted). In this case, all cells have only one normal 
copy (Wt allele) of the corresponding gene, and only one attack of the car- 
cinogen is enough for a mutation to occur in a single wt allele in any cell. In 
other words, the first attack of a carcinogen on any cell can launch the trans- 
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formation of the given cell into a 
malignant one (Figure 2.6). There- 
fore, malignant tumors develoy 


ig 
against the background of germline 
mutations are found mainly at a = 
young age. Conversely, malignant Som ' 
tumors developing as a result of so- y 


matic mutations occur at an older / 
age (on average, 15-20 years later Sts! | ei 

than tumors associating with Figure 26. Schematic description of devel- 

germline mutations). It should be opment ofa malignant cell afte frst "hit" in 

noted that often the cause of heredi- individuals with germline heterozygous 

tary disorders is not genetic defects mutations 

in the maternal or paternal line, but genetic mutations after the formation of 
a zygote (due to a postzygotic mutation). In other words, the corresponding, 
genes are normal in the parental lines and are passed on to the zygote in a 
normal state, but undergo mutation immediately after the formation of the 
zygote (Figure 2.7). Such cases are also hereditary, since these mutations 
can also be inherited to subsequent generations. 

Hereditary disorders, which in the spectrum of their clinical manifesta 
tion also have the development of malignancies, are associated mainly with 
germline mutations in tumor suppressor genes. Very rare syndromes are 
known that develop due to hereditary mutations in protooncogenes and in- 
crease the risk of developing malignant tumors. These syndromes include 
rasopathy syndromes: Costello syndrome, cardiofaciocutaneous syndrome, 
Noonan syndrome, Noonan syndrome with lentigines (this syndrome was 
formerly called LEOPARD syndrome) and neurofibromatosis type 1. 

Up to now, more than 150 inher- 
ited disorders have been identified 
that are associated with the devel- 
opment of malignant tumors. Some 
hereditary syndromes are character- 
ized by the development of malig- 
nant tumors only in a single organ 
(Howel-Evans syndrome is charac- 
terized by the development of SCC 
of the esophagus), others in many 
organs (Peutz-Jeghers syndrome, 
Lynch syndrome, Cowden syn- 
drome, Li-Fraumeni syndrome, 
Bloom syndrome, ete.). 
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Men and women with certain hereditary disorders do not have the same 
risk of developing malignant tumors and the average age at detection. This 
is due not only to the fact that in women with these syndromes, the female 
genital organs (breast, ovary, body of the uterus) are often affected by ma- 
lignant neoplasms, which increase the overall morbidity, but often other or= 
gans are also affected with unequal frequency. For example, in individuals 

Li-Fraumeni syndrome, the lifetime risk for developing malignant tu- 
mors is significantly higher in women compared with men (93% and 69%, 
respectively), The average age of patients upon detection of the first malig- 
nant tumor is lower in women compared to men (29 and 40 years, respec 
tively). In individuals with Lynch syndrome, the risk of developing malig- 
nant tumors in women is higher than in men, because in this syndrome, en- 
dometrial carcinoma, ovarian carcinoma, and breast carcinoma are also de- 
tected with a high frequency. Along with this, the risk of developing colon 
carcinoma is 2 times lower in women compared to men (30-54% and 74- 
100%, respectively). 

Malignant tumors that develop as a result of germline mutations some- 
times tend to develop at a specific site of the particular organ, For example, 
gastric carcinoma that develops as a result of germline mutations in the 
CDH1 gene (16q22.1) is localized mainly in the proximal stomach. 
Germline mutations in the APC gene (5q22.2) are mostly associated with 
the development of carcinoma in the left half of the large intestine, but 
germline mutations in MLHJ (3p22.2) and MSH? (2p21-p16.3) genes, are 
associated with the development of carcinoma in the right half. Unlike other 
hereditary disorders (primary familial GIST syndrome, Camey-Stratakis 
syndrome), GIST associated with neurofibromatosis type 1 most often de- 
velops in the duodenum, 

Malignant tumors associated with hereditary disorders often develop 
primarily at multiple sites in the same organ (or bilaterally, when it comes to 

‘aired organs). Primary multiple tumors can be detected synchronously 
(simultaneously or within 6 months afler the detection of the first focus) or 
metachronously (>6 months after the detection of the first focus). ‘The like- 
lihood of developing multiple foci of the same malignant tumor (ranges 
from 10% to 100%) and the number of foci (ranges from 2 to hundreds) de- 
pend on the character of the hereditary disorder. For example, carcinoma of 
the contralateral breast can develop in 30% of women with germline muta- 
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tions in the BRCA genes within 10 years after the detection of the first breast 
carcinoma; multiple cutaneous BCC can develop in all patients with xero- 
derma pigmentosum or Gorlin syndrome during the patients’ lifetime. In in- 
dividuals with xeroderm; 
can reach several dozen, in Gorlin syndrome, sometimes up to 200 (see page 
165). It is important to note that primary multiple tumors in the same organ 
are not necessarily associated with hereditary disorders. They can also de- 
velop under the influence of strong carcinogens (primary multiple lung car- 
cinoma in long-term smokers) or in potential precancerous diseases (prima- 
ry multiple colon carcinoma in ulcerative colitis). 

Often, tumors developing as a result of germline mutations show certain 
histological types. For example, gastric carcinoma that develops as a result 
of germline mutations in the CDH gene is observed in the type of diffuse 
carcinoma, according to the Lauren classification. Invasive breast carcinoma 
associated with germline mutations in the BRCAJ (17q21.31) and P53 
(17p13.1) genes is mainly demonstrated in the histological type of ductal 
carcinoma. In contrast, germline mutations in the CDH gene are associated 
with lobular breast carcinoma, but never with ductal carcinoma. Thyroid 
carcinoma, which develops as a result of germline mutations in the APC 
gene. occurs in a subtype of cribriform-morular carcinoma, which is almost 
exclusively observed in women with FAP and Gardner syndrome. Endome- 
trial carcinoma associated with Cowden syndrome is observed in the histo- 
logical type of endometrioid carcinoma; with Lynch syndrome in the type of 
endometrioid or clear cell carcinoma, and with hereditary breast and ovarian 
cancer syndrome in the type of serous adenocarcinoma. 

‘The risk of developing malignant tumors increases not only as a result of 
germline mutations in tumor suppressor genes or protooncogenes, it can also 
increase as a result of polymorphism in genes that play a key role in the me- 
tabolism of certain substances (see below). For example, certain genetic 
polymorphisms in the MC/R gene (16q24.3), which reduce the ability of 
melanocortin receptor-1 to stimulate eumelanin synthesis (thereby, mainly 
pheomelanin is produced), are very often found in people with red hair, fair 
skin, freckles. The production of pheomelanin instead of eumelanin is char- 
acterized by increased sensitivity to solar radiation, which increases the risk 
of developing skin carcinoma and cutaneous melanoma (see page 188). 
There are two isoforms of aldehyde dehydrogenase in liver cells, cytosolic 
and mitochondrial. Most people of the Caucasian race have both isoforms, 
but half of Asians have only the cytosolic isoform due to polymorphism in 
the corresponding gene (see page 299), in the ALDH? gene (12q24.12). 
‘Therefore, the titer of acetaldehyde after drinking alcohol reaches a higher 
level in half of Asians (Figure 2.8), Thus, depending on the ALDH2 gene 
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Or 


[Figure 2.8, Schematic description of alcohol metabolism in people with normal (A) acet- 
aldehyde dehydrogenase (ALDH) and with deficiency (B) of acetaldehyde dehydrogenase 
(ADH - alcohol dehydrogenase). 

polymorphism, the metabolism of acetaldehyde, a carcinogenic factor for 

many malignant tumors, is different in different ethnic groups. 

As mentioned above, hereditary disorders can appear due to mutation in 
the particular gene in one parental line (in the corresponding gamete) or as a 
result of a mutation in one copy after the formation of a zygote (de novo 
mutation), In the second case, the individuals have no family history. It is 
important to note that the ratio of cases developing as a result of mutations 
inherited by gametes and that due to postzygotic mutations is different for 
different syndromes, since some syndromes are rarely associated with de 
novo mutations. while others often do the opposite. For example, Lynch 
syndrome appears as a result of postzygotic mutation in only 7% of cases, 
Peutz-Jeghers syndrome in 25-45°, and hereditary retinoblastoma in 80- 
90% of eases, 


Hormonal factors 


‘The hormonal factor is one of the important endogenous factors that play 
a significant role in the development of malignant tumors, ‘This factor is es- 
pecially significant in the development of malignant tumors arising from 
cells of certain tissues and organs, metabolism, division and growth of 
Which are strictly dependent on the hormonal balance. These organs and tis- 
sues include mammary glands, ovaries, endometrium, prostate gland, etc 
‘Therefore, hormonal imbalance or hormone therapy can increase the risk of 
developing malignant tumors in the organs and tissues mentioned above or 
reduce it. For example, an early menarche or late menopause increases the 
risk of developing breast carcinoma in postmenopausal period, and vice ver- 
Sa, oophorectomy at a young age for various reasons reduces the risk of de- 
veloping the mentioned carcinoma (Figure 2.9). 

‘The risk of developing carcinoma of certain organs under the prolonged 
impact of different hormones, for which those organs are a target, can in 
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crease or decrease. For example, 
exposure to estrogen (excessive en- 
dogenous or exogenous) increases 
the risk of developing breast carci- 
noma and endometrial carcinoma, 
and progesterone opposes the es- 
trogen's effect. Along with this, the 
same hormone receptor modulator 
can have the opposite carcinogenic 
effect on the target organs for this 
hormone. For example, exposure to 
estrogen increases the risk of devel- 
oping breast carcinoma and uterine 
adenocarcinoma, however. a long- 
term use of tamoxifen, a selective 
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Figure 29. Time to detection of breast can- 
cer or BRCA-related gynecologic cancer 
among women electing risk-reducing, sal- 
pingo-cophorectomy and women electing 
surveillance for ovarian cancer, According 
to Kauff ND et al. (2002), 


estrogen receptor modulator, reduces the risk of breast carcinoma, but in- 
creases the risk of endometrial carcinoma. 

‘The hormonal factor impacts on the risk of malignant tumors not only in 
the aforementioned, but possibly also in other organs. It is not excluded that, 
the differences in the incidence of malignant tumors or in their aggressive- 
ness in Women and men may also be associated with hormonal factors. 


Immune factors 


In the development of malignant tumors, the role of the immune system 
is determined with two mechanisms associated with its opposite states; 
Weak state or an autoimmune state. The formation of malignant cell from 
normal one is a separate process, the development of malignant tumor as a 
result of successful proliferation of malignant cell is another one. Formed 
malignant cells may not always be progressing in a malignant tumor. The 
immune system can detect and successfully remove them due to different 
HLA antigens in malignant cells that are not recognized by the immune sys- 
tem, The reason for different HLA antigens is that the malignant cells have 
mutations in the genes encoding the corresponding antigens, since malig- 
nant cells do not have functioning genetic mechanisms that can detect and 
reverse those mutation before cell division, which are strictly controlled in 
normal cells, Thus, the normally functioning immune system is able to suc- 
cessfully remove malignant cells, which are possibly, can be formed every 
day, every week or month in our body. But the malignant tumor (with the 
exception of skin carcinoma) is detected annually in one out of about 400 
persons (according to data in 2020). In means that malignant cells very rare- 
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ly progress to a malignant tumor. This is all due to the coordinated and effi- 

ient activity of the immune system. With congenital or acquired immune 
failure, the immune system is unable to recognize and eliminate the formed 
malignant cells, owing to that they can more easily progress into a malig- 
nant tumor, A very high risk of developing some malignant tumors (Iym- 
phoma, skin carcinoma, ete.) in people who have undergone organ trans- 
plants are explained by the above-described mechanisms. 

‘Transplant recipients have an 80-100-fold higher risk of developing ma- 
lignant tumors. In individuals after solid organ transplantation, the risk is 
especially increases for the development of malignant tumors associated 
with viruses; with EBV and HPV. Therefore, transplant recipients are par- 

ularly at high risk of developing lymphomas and anogenital carcinomas, 
‘The increased risk of liver cancer in transplant recipients is also explained 
by infectious agents (HBV and HCV infections), As the efficiency of im- 
mitnosuppressants after transplantation increases, the risk of developing ma- 
lignant tumors in the recipients increases in parallel. It should be noted that 
the increased risk of lung carcinoma and renal carcinoma in recipients is not 
associated with infectious agents. 


‘The immune system can contribute to the development of malignant neo- 
plasms with its hyperactive state against its own body tissues (autoimmune 
state), In cases of diseases developing due to the autoimmune attack (lichen 
planus, primary sclerosing cholangitis, ulcerative colitis) malignant tumors 
mainly develop in the affected organs. The mechanism for the development 
of a malignancy at an autoimmune state can be explained by the fact that the 
tissues damaged as a result of autoimmune attack become susceptible to the 
effects of carcinogenic agents. In patients with autoimmune diseases, the 
risk also may increase for malignant tumors arising from irrelevant organs, 
For example, the risk of developing classical Hodgkin lymphoma 2-10 times 
higher in patients with autoimmune diseases: 5-10 times with sarcoidosis; 

& times with systemic lupus erythematosus; 4-5 times with Sjégren's syn- 
drome; 3 times with rheumatoid arthritis; 2 times with psoriasis, ete. In pa 
tients with systemic lupus erythematosus, the risk of developing thyroid car- 
cinoma is higher by 2 times. The possible explanation to the latter associa 
tions may be immune adaptation to chronic stimulation exhibited by abnor- 
mal PD-1 (programmed cell death 1) expression on T cells (see page 116), 
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Which can result in physiologic limitation of immune responses restricting 
auto-immune process. Consequently, the restricted immune responses may 
increase the risk for developing malignant tumors, 


Metabolic disorders 


In patients with certain diseases that are characterized by metabolic dis 
orders, the risk of developing certain malignant tumors increases, For ex- 
ample, patients with diabetes mellitus, have an increased risk of developing 
many malignant tumors, especially liver carcinoma (2-3 times), pancreatic 
carcinoma (2-3 times) and endometrial carcinoma (2-4 times). 

Obesity and overweight can increase the risk of developing certain tu- 
mors: postmenopausal breast carcinoma, endometrial carcinoma, esophageal 
carcinoma, pancreatic carcinoma, colon carcinoma, gallbladder carcinoma, 
kidney carcinoma, etc. (Figure 2.10). Moreover, these conditions increase 
the risk of developing the mentioned tumors by different mechanisms. In- 
creased risk for postmenopausal breast carcinoma and endometrial carcino- 
ma is due to increased blood estrogen levels in obese and overweight wom- 
en, as exposure to excessive endogenous estrogen is a major factor in the 
development of these carcinomas. In the postmenopausal period, the ovaries 
stop producing estrogen, and adipose tissue becomes the only source of es- 
trogen production (by converting androstenedione to estradiol). Due to the 
fact that women who are obese or overweight have a large amount of adi- 
pose tissue, their estrogen levels rise. which increases the risk of developing 
those carcinomas, As the weight of adipose tissue increases, so does the risk 
of developing breast carcinoma; every 5 kg/m? increase in body mass index 
(BMI) increases the risk of breast carcinoma by 8%. The role of obesity in 
the development of endometrial carcinoma is explained by the same mecha- 
nism as in the development of breast carcinoma, In Europe, approximately 
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Figure 210, The relationship between overweight and the risk of death from the first 5 
‘most common malignant tumors in men (A) and women (B). According to Calle EE et al. 
(2003), 
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40% of endometrial carcinoma cases are attributable to obesity. In general, 
according to data from studies, overweight and obesity increase the risk of 
developing endometrial carcinoma 2-4 times. The role of obesity and over 
Weight in the development of esophageal carcinoma is due to the fact that 
the increase in intra-abdominal pressure in this condition causes. gas- 
troesophageal reflux, which is the cause of Barrett's esophagus, a disease 
that often progresses to esophageal adenocarcinoma. The role of obesity and 
‘overweight in the development of pancreatic carcinoma is mediated by other 
mechanisms. Obesity and overweight increase the risk of developing chron- 
ic pancreatitis, which, in tum, is characterized by a high risk of developing, 
panereatic carcinoma. It is believed that in Westem countries obesity and 
overweight are the cause of pancreatic carcinoma in up to 12% of cases. In 
obese or overweight people, impaired cholesterol metabolism can ultimately 
lead to an increase in the production of secondary bile acids, which are car 
cinogenic compounds for the colon mucosa. The role of obesity in inereas- 
ing the risk of gallbladder carcinoma is related to higher prevalence of gall- 
stone disease among overweight people, which is one of the main factors for 
the development of this cancer. 


In certain hereditary disorders, which develop as a result of hereditary 
mutations in the corresponding genes, the synthesis of normal enzymes in- 
volved in the Krebs cycle is disrupted. Such inherited disorders include 
germline mutations in the SDHB (1p36.13) and FH (1943) genes, which en- 
code succinate dehydrogenase and fumarate hydratase, respectively, The 
development of tumors in these genetic disorders is due to the fact that the 
lack of these enzymes in the Krebs cycle creates a "pseudohypoxic" state, 
Which is accompanied by the activation of HIF (hypoxia-inducible factors), 
HIF controls several genes that are involved in cell division, new blood ves- 
sel formation (by increasing VEGF production) and red blood cell produ 
tion (by regulating erythropoietin). HIF activation, in tum, causes the re- 
lease of various tumor promoter factors, PDGF and TGF-a (Figure 2.11). As 
a result of these processes, some malignant tumors, kidney cancer (renal cell 
carcinoma), GIST (mainly in the stomach), extra-adrenal paraganglioma and 
Ieiomyomatosis develop (see page $25). 

Mutation of genes encoding enzymes for tyrosine metabolism can also 
lead to the development of some malignant tumors, These genes include 
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TAT (16q22.2), HPD (12q24.31), 
and FAH (15q.25.1), which code for peaanecte 
the enzymes of tyrosine aminotrans- : me 
ferase, 4-hydroxyphenylpyruvate 
genase, and fumarylacetoace- 
tate hydrolase, respectively. These 
enzymes are involved in different 
steps of tyrosine metabolism, Thus, 
with the aforementioned hereditary 
genetic mutations, tyrosinemia oc- 
curs as a result of a tyrosine me- Figure 2.11. Schematic description of the 
tabolism disorder, which, in tum, development of malignant tumors with 
leads to the development of liver Semline mutations in the SDHB and FH 
cirrhosis, and consequently, to the 
development of hepatocellular carcinoma. 

‘The polymorphism of genes encoding isoforms of alcohol dehydrogenase 
(a, B1, B2, B3, 71. 72, % 7, and aldehyde dehydrogenase-2 affects the for- 
mation and metabolism of acetaldehyde. respectively, which is reflected in 
the incidence of esophageal carcinoma and liver carcinoma in some regions 
of the world. These enzymes are encoded by genes (4DH/A, ADHIB1, 
ADH!1B2, ADH1B3, ADHIC1, ADHIC2, ADH: JH3, ADH4) of the ADH 
gene families (4q23) and ALDH? gene (12q24.12), respectively, and, de- 
pending on the polymorphism of the mentioned genes, the rate of metabo- 
lism of acetaldehyde, which is a carcinogenic factor for many malignant tu- 
mors, differs in different ethnic groups. 


‘The acetaldehyde level in blood after drinking alcohol is highly dependent on the activi- 
ty of the enzymes alcohol dehydrogenase and aldehyde dehytdrogenase (see page 299), 
‘The first enzyme converts alcohol into acetaldehyde, the second enzyme, acetaldehyde 
into acetic acid (Figure 2.8). Therefore, the polymorphism of ADH (encodes the enzyme 
alcohol dehydrogenase) and ALDH? (encodes the enzyme aldehyde dchydrogenase) 
‘genes in favor of increasing the acetaldehyde titer in blood has a significant role in in 
‘creasing the risk of developing certain cancers, in particular, esophageal carcinoma. 


There are two isoforms of aldchyde dehydrogenase in liver cells: cytosolic and mito- 
chondrial, Most Caucasians have both isoforms, but approximately 50% of Asians and 
440% of American Indians have only the cytosolic isoform; their mitochondrial isoform is, 
inactive due to the fact that in the 487th position, glutamine is replaced by lysine. There- 
fore, the titer of acetaldehyde after drinking alcohol, in half of Asians reaches a higher 
level, 5-20 times higher than in people with an active mitochondrial isoform. For the 
same reason, acute alcoholic intoxication in Asians is observed more often than in people 
of the Caucasian race, due to the high titer of acetaldehyde in the former. It is possible 
that this factor plays a significant role in the excessively high incidence of esophageal 
carcinoma in Central Asia and noethern regions of China 


Benes (PHD — prolyl hydroxylase), 
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Anatomic factors 


Certain congenital or acquired structural variations may contribute to the 
development of malignant tumors in certain organs via various mechanisms. 
One of the striking examples of such variations is the connection of the 
common bile duct with the pancreatic duct outside the duodenum, in the 
head of the pancreas, which forms a common canal. According to the 
“common channel theory", in the variation of a long common channel, car- 
cinogens excreted in the bile are thrown into the pancreatic duct, on the oth- 
er hand, proteolytic enzymes of the pancreas are thrown into the common 
bile duct (Figure 2.12). Reflux of pancreatic juice into the common bile 
duct, chronically damaging it, leads to the development of choledochal 
cysts, which can frequently result in the development of cholangiocarcino- 
ma, On the other hand, pancreatic carcinoma mostly develops in the panere- 
atic head (the parenchyma of the pancreatic head is about 1/4-1/3 of the 
pancreas, but 60-70% of pancreatic carcinoma cases are found in its head), 
which is explained be reflux of bile (with contenting carcinogenic agents) 
into the proximal pancreatic duct due to the aforementioned variation. 

A hiatal hemia resulting from prolonged gastroesophageal reflux leads to 
the development of Barrett's esophagus, which, with high frequency. further 
progresses into esophageal adenocarcinoma. In people with congenital short 
esophagus, the risk of developing esophageal cancer is higher due to the 
above explained mechanism. 

Ureterosigmoidostomy. performed as a variant of urinary diversion dur- 
ing cystectomy, in 4-5% of the corresponding patients, is accompanied by 
the development of colon carcinoma within 10-20 years after surgery, in 
about 30% within 50 years (see page 417). The risk of gastric carcinoma is 
significantly increased in people 
who underwent gastric resection 20- 
30 years ago for peptic ulcer dis- 
ease, This is due to: first, the remov- 
al of the hydrochloric-acid-secreting 
distal part of the stomach results in 
hypoacidity in the gastric-stump Iu- 
men; second, resection of the stom- 
ach with gastrojejunoanastomosis 
(or gastroduodenoanastomosis) is sei Vr 
accompanied by biliary reflux into Figure 212, Schematic depicure of varia 
the gastric-remnant lumen, which tions of "common channel’. A — long 
leads to the development of intesti- "common channel"; B — short “common 
nal metaplasia; both of these events shannel" 
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facilitate development of gastric-stump carcinoma (see page 333), in associa- 
tion with or without H. pylori. 


Association of lifestyle with the risk for developing malignant tumors 
Lifestyle is one of the main fac- 


tors affecting the risk of developing et 

malignant tumors. It represents a oe 

complex of environmental carcino- 39 1 iafecton 
‘5 siepaion 


genic agents in various combina- 
tions. Lifestyle includes the way of 
life, physical activity, attitude to 
smoking, hygiene features, sexual 
lifestyle, occupational characteris- 
ties, socio-economic status, educa- 
tion, living conditions, religious af- 
filiation, ete, Due to these features a0 
person has either intensive contact Figure 2.13. Diagram demonstrating propor- 
with various carcinogenic agents, or tions of cases of malignant tumor, which are 
this contact is weak enough for car- _*ttibutable to different preventable factors, 
cinogenesis. It should be noted that the development of malignant tumors in 
80% of cases is associated with environmental factors, and lifestyle changes 
can significantly reduce or increase the risk of developing malignant neo- 
plasms in general (Figure 2.13). 

‘A wide range of carcinogenic agents (nitrites, arsenic, aflatoxin, hetero- 
cyclic amines, aromatic hydrocarbons, alcohol, O. viverrini, C. sinensis, 
cte,) enter the body in food or water, depending on culinary characteristics. 
Most of the carcinogenic substances that come from food, not only increase 
the risk of developing cancer of the gastrointestinal tract, being absorbed 
into the blood, can also increase the risk of malignant tumors in other or- 
gans. A balanced diet provides the body with vitamins, microelements, 


many of which are components of the antioxidant system of cells. A bal- 
anced diet also helps to get rid of excess body weight, which contributes to 
the development of malignant tumors in many organs. 
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Limitations in physical activity leads to obesity or overweight, which 
significantly increases the risk of developing certain malignant tumors as 
stated above. According to the American Cancer Society, 8% of cases of 
malignant tumors and 7% of deaths from these diseases are related to obesi- 
ty or overweight. Smoking increases the risk of developing almost all ma 
lignant neoplasms, with the highest risk being for respiratory tract carcino- 
ma (more than 80% of lung carcinoma cases are associated with smoking). 
Overall, 25-30% of the cases of cancer-related death are attributable to 
smoking. According to the WHO, alcohol is responsible for 22% of the cas- 
es of cancer-related deaths. Oral hygiene may reduce the risk of oral and 
esophageal carcinoma, general personal hygiene may reduce the risk of skin 
carcinoma (by reducing the risk of HPV infection), and so on. Failure to 
maintain adequate culinary hygiene leads to helminthiasis with C. sinensis 
and O. viverrim in some Far East countries, which are one of the causes of 
cholangiocarcinoma (see page 347). 

Sexual behavior directly affects the risk of developing certain malignant 
tumors. Sexual multi-partnership increases the risk of developing cervical 
cancer via HPV infection. Casual sex increases the risk of HIV infection, 
Which is associated with an increased risk for many cancers. A sexual per- 
versity and sexual promiscuity increase the risk of developing anal cancer 
and oropharyngeal carcinoma. 

Most carcinogenic agents have contact with a person due to the charac- 
teristics and conditions of the occupation. A person is exposed to UV radia- 
tion mainly due to working in the open air (fishermen, farmers, ete). People 
who work in industry or in the field of application of some agents (insecti- 
cides, asbestos, ete.) are exposed to carcinogens regularly and in higher con- 
centrations. People who work long hours in bars (in particular, waiters) have 
3-5 times higher risk of developing lung carcinoma due to exposure to in- 
tense tobacco smoke at the workplace (4-6 times more intense than people 
working in offices). Miners are exposed to the highest concentrations of 
Rn, and therefore the risk of developing lung cancer in miners is the 
highest. ‘There is evidence that at the beginning of the twentieth century, 
75% of miners died of lung carcinoma. The risk of developing certain ma- 
lignant neoplasms may also depend on the work shift. It is estimated that 
approximately 4-5% of breast carcinoma cases are associated with night 
shift work. In general, approximately 4% of cases of malignant tumors are 
related to occupational factors 

Low socioeconomic status is accompanied by an unbalanced diet, inade- 
quate hygiene, poor living environment (see below) and a low chance (or no 
chance) of receiving treatment for precancerous diseases or conditions, 
Which in their turn, is reflected in the risk of developing malignant tumors in 
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many organs, The education received by a person in most cases does not 
remain ineffective regarding the characteristics of the dietary habit, occupa- 
tional environment, level of personal hygiene and socio-economic status, 
which, as mentioned above, directly or indirectly affects the risk of develop- 
ing many malignant neoplasms. According to WHO, 25% of cases of ma- 
lignant tumors in poor countries are caused by HPV infection, In general, 
the incidence of prostate cancer, colorectal carcinoma, breast cancer (in 
women) and lung cancer are several times higher in developed countries, In 
contrast, liver cancer, gastric cancer, and cervical cancer, which are strongly 
associated with infection, are more common in underdeveloped countries. 

Living conditions and the place of residence can affect the risk of devel- 
oping certain cancers. Living in basements with poor ventilation increases 
the risk of developing lung carcinoma due to the accumulation of 7??Rn in 
the rooms. The WHO considers the safety limit for the concentration of 
22Rn in indoor air to be 100 Bqm. In basement (cellar), this level can 
reach 1900-2400 Bqm*. People living near highways are exposed to intense 
PM2.5-polluted air and diesel exhaust fumes, which increase the risk of lung 
carcinoma in the affected population. Indoor air pollution from household 
coal combustion emissions is considered to be one of the main causes of 
Tung carcinoma in people living in poor regions. The risk of lung carcinoma 
is about 2 times higher in people who use coal for household use as fuel. 


People living in highlands and humid tropical regions often become in- 
fected with intestinal parasites, in particular helminths, which modulate the 
immune response against H. pylon, thereby reducing the risk of developing 
gastric carcinoma in those climatic zones. Burkitt lymphoma is endemic in 
tropical regions where malaria is endemic (see above). 

‘The prevalence of Burkitt lymphoma demonstrates spatiotemporal clustering, The dis- 
case is endemic in tropical regions and associated with endemic malaria. Recently, due to 
the eradication of malaria in New Guinea, the ineidence of Burkitt lymphoma has 
dropped sharply, even on the island of Zanzibar, itis almost not observed, Owing to peo- 
ple with sickle cell anemia are biologically resistant to malaria infection, they rarely de- 
‘velop Burkitt lymphoma. 

Language affiliation can also affect the risk of developing certain tumors, 
‘The highest incidence of colon carcinoma is observed in the United States, 
UK, Australia and New Zealand (along with some other countries), which 
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are geographically very distant from each other, but share a common factor, 
the same language. Taking into account the fact that environmental factors 
play the main role in the development of colon carcinoma and these carcin- 
ogens enter the body mainly in the food, it would be logical to assume that 
linguistic commonality may lead to the similarity of the culinary culture 
and, accordingly, the incidence rates of the corresponding carcinoma, 
Extensity of some carcinogenic factors among different ethnic groups 
may be different due to religious jation and customs. Attitudes towards 
alcohol intake in many regions are regulated by customs and religious affili- 
ation, which is reflected in the incidence of certain malignant tumors 
(esophageal carcinoma, hepatocellular carcinoma, colon carcinoma). The 
age of women at marriage, the number of births, attitudes towards multi- 
partnership are often determined by customs and religious beliefs, which 
cannot be ineffective in the incidence of certain malignant neoplasms (breast 


carcinoma, cervical carcinoma, ete.). In the countries of Southeast Asia, "be- 
tel chewing gum" has been used for several millennia as a tradition, which is 
strong carcinogen for oropharyngeal carcinoma, The change in lifestyle 
towards "westernization” is considered to be the main factor that in recent 
decades, the incidence of breast carcinoma has increased significantly in 
Africa and Asia, where the incidence of this carcinoma has historically been 
very low. 
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PRECANCEROUS PATHOLOGIC CONDITIONS 


Development and growth of malignant tumor is a multistep event, and 
each step of that process can be reflected in cytologic or histologic features 
of the affected tissue. Depending on the nature of the carcinogenic factor, 
tumorigenesis can pass through different pathologic steps, and each of them 
can take several years, sometimes decade. Malignant tumor can also arise 
from a tissue not undergone pathologic changes, especially in cases of 
germline mutations in tumor-suppressor genes. The pathologic features of 
affected tissue during different steps of tumorigenesis are denominated by 
specific terms, acquaintance with that is important to understand this com- 
plex event. 

Metaplasia is defined as replacement of one differentiated cell type with 
another differentiated cell type that is normally absent at a particular site of 
the tissue. Typically, metaplasia is triggered and accelerated by abnormal 
environmental stimuli (e.g., cigarette smoke, alcohol, change in pH, 
dyshormonal alterations, etc.). In most of the cases the newly formed mature 
cell type (and the corresponding histoarchitecture) is the most resistant one 
to the responsible stimulus. With other words, the original cells adapt to the 
environmental stress by changing their identity. If the stimulus that induced 
metaplasia is removed it may return to their original pattern of differentia- 
tion. On the other hand, if stimulus-induced metaplasia persists, metaplasia 
can progress to dysplasia, and in some cases to carcinoma (the type of carci- 
noma typical for newly formed cell type). Therefore, metaplasia is a precur- 
sor to low-grade dysplasia, which can further progress to high-grade dyspla- 
sia and eventually carcinoma. For example, in smokers, several times after 
starting smoking, the resident epithelium, the bronchial, bronchiolar or even 
alveolar epithelium are replaced with squamous epithelium (Figure 3.1), 
which comprises multiple layers of cells and is more resistant to cigarette 
smoke than the resident cell types. Several years after quitting smoking the 
normal cell type can return. If a person continues smoking for a long time, 
squamous cell carcinoma of the lung develops eventually in many of smo- 
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ers (Squamous cell carcinoma is the 
prevalent subtype of lung carcinoma 
detected in smokers). Another ex- 
ample can be the development of 
esophageal adenocarcinoma in indi- 
viduals with Barrett's esophagus re- 
sulting from chronic gastroesopha- 
geal reflux disease (GERD). 

It should be noted that the devel- efi pico it 
opment of carcinoma does not al- Figure 3.1 Schematic depicture of squa- 
ways go through the stage of meta- mous cell metaplasia of respiratory epitheli- 
plasia. As explained earlier, meta. U™ insmokers 
plasia results from the effects of chronic abnormal stimuli, Carcinomas ean 
also develop due to germline mutations in tumor-suppressor genes, in genes 
involved in DNA repair and rarely proto-oncogenes. In those cases, carci- 
noma can develop without the step of metaplasia. 

Hyperplasia refers to an increase in the number of cells in a particular 
tissue and considered a predysplastic event (Figure 3.2). Hyperplasia is a 
normal response to a specific stimulus, and the cells of hyperplastic growth 
remain subject to normal regulatory control mechanisms. Hyperplasia is 
characterized by normal architecture of the epithelium without cellular atyp- 
ism. and enlargement of the affected site. Hyperplasia can be confined to 
specific layer of the epithelium and termed specifically. For example, acan- 
thosis defines hyperplasia of specialized squamous cells of the spinous layer 
in the epidermis. Like metaplasia, hyperplasia is a reversible condition, 
which can disappear when the induced factor is removed. 

Dysplasia refers to a replacement = 
of one differentiated (mature) cell Normal cells 
type with less differentiated (less 
mature) cell type (Figure 3.2). This 
pathological condition is character- eit 
ized by abnormal cell proliferal apa 


and occurrence of cells varying in 
shape and size with disorganized 
appearance of the tissue. Depending 


on severity of abnormality, low- 
grade (mild) and high-grade (severe) 
dysplasia are distinguished. If the 
stimulus inducing low-grade dyspla- : 
sia persists, this progress to high- Figure 32. Schematic depicture of hyper- 
grade dysplasia. The development of Pls 4nd dysplasia in epithelium 


lated goku etl 


Dysplasia 
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metaplasia could be considered an "adaptive" phase, the progression of met 
aplasia to dysplasia an “oncogenic” phase that occur in response to em 
ronmental stress. Like metaplasia and hyperplasia, low-grade dysplasia is. a 
reversible condition and can disappear when the responsible factor is re- 
moved. 

Carcinoma in situ refers to dysplasia of the entire epithelial layer without 
invading the basement membrane. There is not sharp border between severe 
dysplasia and carcinoma in situ, and frequently these terms are used synon- 
ymously, preferring the last term in the diagnostic line. In other words, se- 
vere dysplasia and carcinoma in situ both are the forms of high-grade dys- 
plasia and both carry a significant risk to progress to invasive carcinoma, 
Actually, this pathological condition may represent the final observable step 
before invasion occurs. For transformation of carcinoma in situ to invasive 
carcinoma, new mutations are required to obtain properties to invade under- 
lying and adjacent structures. Unlike the aforementioned pathological condi- 
tions, carcinoma in situ is irreversible condition because it is a neoplasia 
having an autonomous behavior 


PATHOLOGICAL FEATURES OF MALIGNANT TUMORS: 


Molecular biology of cancer 


All malignant tumors begin with somatic cell mutations. Malignant cells, 
occur as a result of alterations in the genes that are responsible for control- 
ling division and growth of the normal cells. These genetic alterations can 
be transmitted hereditarily from parents (or due to postzygotie germline mu- 
tations) or acquired due to impact of environmental factors. All types of en 
vironmental factors; chemical, physical and biological carcinogenic factors 
cause malignant tumors through DNA damage in the exposed cells. In most 
of the cases, initially, one copy of the gene is mutated (or deleted), over 
times the second gene is altered if exposure to the carcinogenic factor con- 
tinues, But some carcinogenic factors can cause both single- and double 
strand breaks in DNA. Therefore, the occurrence of permanent DNA dam- 
age depends on the nature of the carcinogenic factor, the duration of expo- 
sure, and on the efficiency of DNA repair processes. 

Effect of carcinogenic agents can cause various cytogenetic alterations: 
point mutation, double-strand breaks, chromosomal rearrangement, epige- 
netic changes, ete, These cytogenetic alterations can result in overexpression 
of oncogenes or loss of function of tumor suppressor genes. ‘These events 
finally lead to transformation of normal cell into malignant one. 

Point mutation refers to the alteration (substitution) of single base pair, 
which can result in one of three effects: altered codon corresponds to the 
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same amino acid (silent mutation); the altered codon corresponds to a dif- 
ferent amino acid (missense mutation); the base substitution results in a 
shorter, unfinished protein product with loss of function (nonsense muta- 
tion). Therefore, missense mutation and nonsense mutation can result in 
change in the expression (overexpression or loss of function) of proto- 
oncogens or tumor suppressor genes leading to the development of malig- 
nant tumors. Point mutations may be caused by carcinogenic agents or 
transmitted hereditarily. For example, a germline missense mutation 
(c1010G>A) in 753 gene, which results in substitution of arginine with 
histidine at codon 337 (p.Arg337His), is found in about 0.3% of the popula- 
tion of Southem Brazil, associating with Li-Fraumeni syndrome. 

Insertion, is a type of mutation that involves the addition of one or more 
nucleotide base pairs into a segment of DNA, changing the DNA sequence. 
Asa result, the protein encoded by this gene may not function properly. 

Chromosomal rearrangement is another type of genetic mutation that in- 
volves several cytogenetic events (deletion, duplication, inversion, translo- 
cation) and may result in carcinogenesis. Therefore, chromosomal rear~ 
rangement means that parts of chromosome are missing, duplicated, or 
moved around, These events are initiated by double-strand DNA breaks in 
two different locations, followed by a rejoining of DNA ends in a new con- 
figuration with different gene order. Double-strand DNA breaks occur under 
the influence of carcinogenic agents. Physiologic double-strand DNA breaks 
can also occur, but only in the lymphoid cells as a way of producing various 
array of receptors for binding to antigens of invaded organism. In most of 
the cases, chromosomal rearrangements happen during egg or sperm for- 
mation, rarely happen afler fertilization or in the future, sporadically during 
the life; hereby all cells of the organism, or some cells can have copied 
chromosomal rearrangements. Some chromosomal regions have propensity 
to rearrangement than others. The effects of chromosomal rearrangement 
depend on which parts of chromosome are involved and how they are rear- 
ranged, Some rearrangements have no effect, some are incompatible with 
life, the others are associated with different disorders, including carcinogen- 
esis, Translocations appear to be crucial initiating events in carcinogenesis, 
after which a variety of secondary mutations are required to complete the 
process. Translocations are found at high frequencies in many malignancies, 
particularly hematopoietic cancers and lymphomas. On the other hand, 
many malignancies are associated with characteristic chromosomal rear- 
rangements: for example, the t(111;14\q13;q32) translocation is specific for 
mantle cell lymphoma, which involves the BCL J/cyclin D1 gene (11q11.3). 
The t(14:18)(q32:q21) translocation that leads to overexpression of 
the BCL2 gene (18q21.33) has been found in 80-90% of follicular lympho- 
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ma cases. The c-MYC gene (8q24.1) is known to be rearranged in Burkitt 
lymphoma, in association with t(8;14\q32;q32) translocation. EWS gene 
(22q12.2) rearrangement is found in 95% of cases of Ewing sarcoma; main- 
ly in association with 1(11;22\q24:q12) translocation characterized by 
EWS-FLII fusion gene. 

Carcinogenesis can also be driven by viral genes of both RNA viruses 
(HTLV-1, HCV) or DNA viruses (EBV, KSHV/HHV-8, HBV, HPV) incor- 
porated into the host DNA by various mechanisms, RNA viruses are able to 
make the cell synthesize a sequence of DNA, complementary to their RNA. 
by the enzyme reverse transcriptase existing in the virus. 

Loss of function of genes can also be caused by methylation of promoters 
of the genes. Microsatellite instability is a hypermutable state (predispo: 
tion to mutation) of DNA caused by the loss of DNA mismatch repair ac- 
tivity. This state may occur hereditarily (in Lynch syndrome) or may be 
caused sporadically (more frequently) due to methylation of the promoters 
(GpC islands) of the MMR genes (MLH1, MSH2, MSH6, PMS2, EPCAM). 

DNA repair impairment play the pivotal role in carcinogenesis. The pro- 
cess of DNA repair is executed through several mechanisms and those 
mechanisms are essential for survival of normal cells. It should be noted that 
actively transcribed genes are repaired more efficiently than inactive genes. 
Many of hereditary cancer syndromes have been shown to be due to altera- 
tion (or deletion) in essential DNA repair genes. Depending on the type and 
extent of genetic alteration, different repair mechanisms are involved. In 
base excision repair, the abnormal DNA base is enzymatically excised; 
firstly, endonucleases cleave the DNA strand, then exonucleases remove the 
abnormal segment, finally polymerase resynthesizes the missing segment. 
‘Then ligase re-joins this into the DNA strand. More complex DNA damages 
caused by alkylating agents or UV radiation are repaired by micleotide exci- 
sion repair, in which the longer strand of DNA is excised, and then the 
strand is resynthesized by polymerase. 

DNA double-strand breaks are the most dangerous type of DNA damage 
because they can result in the loss of large chromosomal regions. Double- 
strand DNA breaks are repaired by nonhomologous DNA end joining 
(NHEJ) and homology-directed repair (HDR). NHE3 is the primary path- 
way for the repair of DNA double-strand breaks. NHEJ is crucial not only 
for repair of pathologic double-strand DNA breaks, but also for the repair of 
physiologic double-strand DNA. breaks. Therefore, patients lacking normal 
functioning NHE3 not only have an increased sensitivity to ionizing radia- 
tion, but also severe immunodeficiency. HDR include different repair mech- 
anisms: single-strand annealing, breakage-induced replication, and homol- 
ogous recombination. The first two forms of HDR require shorter se- 
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quence homology compared to ho- 
mologous recombination. It should 
be noted that homologous recombi- 
nation is a precise mechanism usit 
extensive homology. w 
prone to error as it utilizes limited 
homology. A7M (11q22.3), BRCAJ 
(17q21.31),  BRCA2 —(13q13.1), 
CHEK2 — (22q12.1), RADI 
(1Sq15.1), BRIPI (17423.2), PALB2 
(16p12.2) genes are involved in ho- 
mologous recombination (Figure 
3.3). 


Cellular origin, monoclonality 
and heterogeneity of malignant 
tumors 


Malignant tumors can arise from 
any tissue depending on how often 
and intensively the tissue is exposed 
to carcinogenic factors. For this rea- Figure 33. Proteins involved in homalo- 
son, malignant tumors most com- 8048 recombination for repair of double- 
monly arise from epithelium (see #4 DNA break 
page 14). Malignant transformation of a cell may be initiated by environ- 
mental agents (chemical compounds, radiation, viruses) and germline muta- 
tions as stated above. Depending of the initiating factor, the first genetic al- 
teration in a cell can be different, which may me major determinant in in- 
volving further specific genetic pathways and biological properties of the 
corresponding cancer. 

‘The phenotypic changes, which a cell obtains in the process of malignant 
transformation, is a reflection of consecutive collection of alterations in 
genes responsible for the control of cell division and cell death, and mainte- 
nance of genetic integrity. Formation of a malignant cell is a multi-step pro 
cess and is not an abrupt transition from normal to malignant growth, but 
may take years or even decades. 

Malignant tumors are considered to be monoclonal, meaning that each 
tumor arises from a single cell, In most of the cases, malignant tumors result 
from progression of benign lesions developed as a result of chronic expo- 
sure to environmental factors. Despite monoclonal origin, tumors demon- 
strate marked heterogeneity with respect to their cellular morphology and 
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function, cell-surface antigens, immunohistochemical markers, proliferation 
rate, molecular-genetic alterations, metastatic potential, response to thera- 
peutic modalities ete. The main question is whether the tumor heterogeneity 
reflect a distinct "cell of origin” or molecular-genetic profile leading to dif- 
ferent cellular phenotype. The central concept includes arising of a malig- 
nant cell from a single cell due to cancer-related genetic alterations as initial 
step, and subsequent cascade of mutations is required to drive the multi-step 
process of cancer development, The acquisition of new genetic alterations 
can give rise new clonal outgrowths. This divergent subclonal evolution is 
associated with various cellular phenotypes in a single tumor. 

‘Tumor cell heterogeneity has a clinical importance, because the appeared 
new cells differ in their clinical-biologic behavior (growth rate, metastatic 
potential, hormone-receptor status, cytogenetic profile, targeted molecular 
pathways, sensitivity to chemotherapy and radiation therapy, etc.). Hetero- 
geneity of tumors presents an awkward problem for cancer treatment, as 
mentioned above, So, a single tumor may contain cells with wide variation 
in sensitivity to cytotoxic agents, and drug-resistant subclones may predom- 
inate with repeated treatment. That is why, combination chemotherapy is 
usually more effective than the treatment with a single agent. 

Tumor heterogeneity is observed not only within the same tumor (intra- 
tumoral heterogeneity), also between the primary tumor and its metastasis 
(intrapatient heterogeneity). Primary tumor and its metastases may also 
demonstrate karyotypic differences. Likewise. primary tumors and their me- 
tastasis may exhibit varied expression of immunohistochemical markers and 
different sensitivity to chemotherapeutic agents. 

‘Tumor heterogeneity may also be exhibited in mixed or hybrid (dimor- 
phic) cancer (¢.g., adenosquamous carcinoma, mixed adenoneuroendocrine 
carcinoma, adenocarcinoma with neuroendocrine differentiation ete.). It 
may occur at different stage of differentiation of progeny of malignant clo- 
nes, when subclones may gain new cytogenetic alterations resulting in loss 
of some cytological and histological features and acquisition of new ones. 


Pathological features of tumor cells and tissue 


During malignant transformation, cell obtains different cytological and 
biological properties, distinguishing them from the original cell. These new- 
ly gained properties are called atypism. 

Unlike normal cells and benign tumor cells, malignant cells are charac- 
terized by an increase in the nuclear to cytoplasmic ratio and loss of cell dif- 
ferentiation. In other words, malignant cells are less differentiated compared 
with counterpart normal and benign tumor cells. In contrast to noncancerous 
cells, cancer cells appear to be more rounded in overall shape. In addition, 
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‘malignant cells have an increased variation in nuclear and cellular size and 
shape (pleomorphism) and in nuclear staining density (/yperchromasia). 
‘The combination of these cellular features acquired during the process of 
malignant transformation is called cellular atypism. In malignant cells, atyp- 
ism also occurs in biochemical processes inside the cell (biochemical atyp- 
ism), function of the cell (functional atypism), cell-surface antigens (anti- 
genic atypism). Due to these features, intensity of biochemical processes in 
malignant cells become more intensified and more energy is required for 
rapid cell division, unrelevant proteins or hormones ean be produced by the 
malignant cells, or become unrecognizable by immune system. All these 
features may have clinical importance. 

Atypism is also observed in tissue architecture demonstrating altered pa- 
renchyma to stroma ratio called tissue atypism. Stroma plays structural role 
in tissue, supporting the parenchymal elements, providing the density and 
shape of the particular tissue or organ without any specific functions. There- 
fore, tumors with more developed stroma have higher density and more in- 
tense vascularization, thereby supplied with blood better. Unlike, tumors 
with less developed stroma have soft consistency and less vascularization 
due to that can easily become necrotized in the center. All these features 
have clinical importance and can be used in diagnosis and prognosis of ma- 
lignant tumor. Accordingly. malignant tumors with high stromal content are 
contrast-enhanced (due to well vascularization) on imaging studies and are 
characterized by poor outcome. 


Biological properties of malignant cells 


In contrast to normal cells, malignant cells have an ability to multiply au- 
tonomously, which seems to be an essential feature in the definition of ma- 
lignant tumors. In other words, replication of malignant cells cannot be con- 
trolled by regulatory host mechanisms. It happens because they can replicate 
in the absence of growth factors required for the proliferation of normal 
cells and are resistant to extracellular signals that promote programmed cell 
death, apoptosis. Hypothetically, the cause of autonomy can be classified 
into the following categories: stimulation of cells via auto- and paracrine 
ways; growth factor receptor abnormalities due to mutations in the encoding, 
genes; abnormal signal transduction. Therefore, these features eliminate the 
dependence of malignant cells on normal regulatory mechanisms of the 
body. 

Typically. normal human cells grown in culture demonstrate a finite 
number of cell division (called Hayflick limit) before they stop growing and 
die. The Hayflick limit is a concept stating that a normal human cell can on- 
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ly divide 40-60 times before it ean- 
not divide anymore (termed senes- 
cence) and die by programmed cell 
death. But cancer cells in culture 
exhibit no restriction in proliferat 
generations, This unlimited capacity 
of a cell for proliferative growth is 
termed émmortalization. The current 
theory postulates that cells become 
immortal by reactivation (re-expr- 
ession) of telomerase, an enzyme 
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Figure 3.4, Length of telomeres in cancer 


providing —_telomere-lengthening 


activity. This enzyme is not active in most normal cells. 

‘Telomere is the distant end of chromosome and following every cell divi- 
sion, DNA chain is shortened by 50 nucleotides. The length of telomere is 
sufficient for around 50 divisions. When the telomeres get too short, the 
ends of chromosomes stick to one another due to that proliferation of cell 
stops leading the cell to programmed death. Telomerase reactivation in can- 
cer cells provides infinity of the length of telomeres at the end of chromo- 
somes (Figure 3.4). 

Contact inhibition is a term referring to the abrupt cessation of cell pro- 
liferation that occurs in culture at the point when a confluent monolayer of 
cells is formed (in other words, when cell density reaches that of a monolay- 
er of cells). It means that a normal cell stops moving and proliferating after 
contacting another cell. Loss of contact inhibition is a hallmark of solid can- 
cers, This characteristic is lost when cells undergo malignant transfor 
mation, leading to uncontrolled cell proliferation and overgrowth, formation 
of multicell layers and eventually, solid tumor formation. 

Normal, noneancerous cells grown in culture, require direct contact and 
anchorage to a solid surface for proliferation; when cells that are not an- 
chored may even undergo apoptosis, Cancer cells fail to demonstrate an- 
chorage-dependence and characteristically can proliferate in semi-solids or 
in solutions, It should be noted that cancer cells in culture produce less fi- 
bronectin, « protein used by cells for adhesion to a solid surface. 

In @ normal tissue, descendants of stem cells tum into the appropriate 
mature specialized (differentiated) cells and during this process the differen- 
tinting cells acquire specialized cellular structures, biochemical properties to 
fulfill their specific functions. Despite the fact that malignant cells differ 
from their normal tissue counterparts in many respects, these distinctions 
frequently have a degree. Depending on the degree of differences (or resem- 
blance) well differentiated, moderately differentiated and poorly differenti- 
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ated tumors are distinguished, which corresponds to terms low-grade, in- 
termediate-grade, high-grade, respectively. The term undifferentiated is 
used when tumor lacks morphological resemblance with normal tissue. It is 
important to note that, as the degree of differentiation decreases (the grade 
of the tumor increases), the biological aggressiveness of the tumor increases 
in parallel. 

Structural and functional alterations in cells undergone malignant trans. 
formation are associated with changes in cell surface proteins. In other 
words, genetic and epigenetic changes occurring during carcinogenesis pro- 
vides diverse set of antigens that induce immune response; the immune sys- 
tem can use them to distinguish cancer cells from their normal counterparts, 
‘These antigens are either tumor-specific or tumor-associated, which in addi- 
tion to being targeted in cancer immunotherapy (rituximab used in the 
treatment of non-Hodgkin lymphoma targets CD20 on B cells; trastuzumab 
used in the treatment of HER2-positive breast carcinoma targets HER2) can 
also be used as a marker in diagnostic tests (¢.g., CEA in diagnosis of vari- 
ous adenocarcinomas, AFP in diagnosis of germ-cell tumors and hepatocel- 
lular carcinoma). Tumor-specifie antigens are those found on malignant 
cells only (not on their normal counterparts). and tumor-associated antigens 
have elevated levels on tumor cells, and also at lower levels on normal cells, 
Tumor-specific antigens arise mostly due to mutations in corresponding 
genes and can also be generated by oncoviruses (E6 and E7 proteins of HPV 
found in cervical carcinoma, EBNA-I protein of EBV detected in Burkitt 
lymphoma). Tumor-associated antigens arise mostly due to genetic amplifi- 
cation or post-translational modifications (MAGE protein expressed in testis 
along with melanoma, CEA, ete.) 


Cancer differentiation and dedifferentiation 


In normal histology, differentiati 


refers to acquisition of specialized 
cellular structures, bi ‘ies when progeny of 
stem cells develop into the mature cells. ‘This process is known as differenti- 
ation. It should be noted that differentiation of cells continues progressively 
for several cell di ms after stem cells. Similar signs of differentiation 
may be seen in cancer cells in different grades (well differentiated, moder- 
ately differentiated, poor differentiated) or are not observed at all, When 
cancer lacks morphological resemblance with normal counterparts, it is ter- 
med undifferentiated. In undifferentiated tumors some of histological fea- 
tures may be present, but the arrangements of cells appear disorganized and 
chaotic with varied nuclear size and shape. When all characteristic morpho- 
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logical features disappeared to the extent that the primary tissue of origin 
cannot be determined, carcinoma is termed anaplastic, 

Lack of differentiation may be the result of some acquired new genetic 
alterations, which may revert the tumor cells to a more primitive state, the 
process called dedifferentiation. It is possible that oncogenic event has oc- 
curred in earlier stages of differentiation of normal cells due to that neo- 
cell has not yet acquired the mature characteristics of the final tissue. 
, neoplastic cells might be morphologically and functionally simi- 
lar to the normal counterparts at that stage of cellular differentiation where 
the malignant transformation occurred. 

For qualitative assessment of differentiation, histologic grading is used. 
‘Therefore, histologic grade of the malignant tumor is expressed in numerical 
grades: from most differentiated (grade 1, lowest grade) to least differentiat- 
ed (grade 3, highest grade). So histologic grades of malignant tumors are 
expressed as follows: GX, grade cannot be assessed: G1, well differentiated; 
G2, moderately differentiated; G3 poorly differentiated. Sometimes, in clin- 
ical practice for simplification of the expression of tumor grade, low-grade 
(implies grades 1) and high-grade (implies grades 2 and 3) tumors are dis- 
tinguished. 

Differentiation of the tumor is reversely correlated with cancer cells divi- 
sion rate, which indirectly reflects the aggressiveness of the tumor: the 
higher the grade of differentiation, the more aggressive the cancer. 


NOMENCLATURE AND CLASSIFICATION OF TUMORS 
General rules for tumor nomenclature 


Current tumor nomenclature includes terms based on biological behavior, 
histologic composition, embrionic origin, cell function, anatomic location, 
and eponyms. Hence, the terms describing tumors can reflect the features 
regarding cellular origin, cell biology, cell function, tissue structure and lo- 
cation. Neoplasm and tumor are general terms describing all tumors regard- 
less of the aforementioned features. ‘The term cancer encompasses all ma- 
lignant neoplasms. 

‘The most important feature of the tumor is its biological behavior (benign 
or malignant) that is reflected in its microscopic appearance. Therefore, the 
name of the tumor necessarily includes a description of biological behavior 
in the form of ending or word. For example, the suffix "-oma" almost al- 
ways describe the benign behavior of the tumor, but the word or ending 
“carcinoma, “sarcoma” and “blastoma” always reflect the malignant be- 
havior of the neoplasm, which are used for depicture of tumors depending 
on the cell of origin. But there are many tumors that are not subject to this 
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rule: for example, neoplasms of the hematopoietic system have no benign 
counterparts; consequently, lymphoma always refers to malignant disease. 
Similarly, melanoma or mesothelioma always describes the malignant neo- 
plasm arising from melanocytes or mesothelium, respectively. However, 
these tumors are frequently represented as malignant melanoma or malig- 
nant mesothelioma, meningioma or insulinoma are ambiguous terms that 
cannot characterize the biological behavior of the tumor arising from me- 
ninges or pancreatic beta-cells, respectively. In order to differentiate malig- 
nant meningioma (or insulinoma) from its benign analog, "malignant" de- 
scriptor is added before the term "meningioma" (or "insulinoma". 

Malignant neoplasms arising from epithelium are called carcinomas. If 
the cell of origin is glandular or ductal, they are termed adenocarcinoma: 
they are derived from squamous epithelium, they are termed squamous cell 
carcinomas; malignant tumors exhibiting hybrid features of adenocarcinoma 
and squamous cell carcinoma are designated adenosquamous carcinomas. 
‘These carcinomas can develop in many organs: hence, they are not organ- 
specific. Carcinomas originating only in specific organ may be named dif- 
ferently; hepatocellular carcinoma depicts the malignant epithelial neo- 
plasm derived from the liver, adrenocortical carcinoma describes the carci- 
noma arisen from the cortex of the adrenal gland, ete. (see below). 

Malignant neoplasms of mesenchymal origin (connective tissue and 
muscle) are termed sarcomas; sarcoma differentiating towards adipose cells 
is termed liposarcoma; towards fibrous tissue fibrosarcoma, towards carti- 
laginous tissue (cartilage) chondrosarcomar, towards smooth muscle leiomy- 
osarcoma, and so on. 

Malignant tumors arisen from developing (immature) cells of embrionic 
tissue are termed blastoma, Each kind of blastoma has its name depending 
on the organ where it developed: for example, hepatoblastoma (develops in 
the liver), nephroblastoma (develops in the kidney); retinoblastoma (devel- 
ops in the retina), medulloblastoma (develops in the CNS), ete. 

‘Tumors derived from the germ cells of one or more of the 3 germ layers 
(ectoderm, mesoderm, and endoderm) are called feratomas, Based on clin 
co-biological behavior, two subtypes of teratomas are distinguished: mature 
and /mmature teratomas. 
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in children and are typically benign: however, when they are found in adults, they tend to 
be malignant. An exception to this rule are mature ovarian teratomas, also called dermoid 
cysts, which are the most common ovarian tumors in young females and have litle risk of 
becoming malignant. Malignant transformation occurs in 1-3% of mature cystic terato- 
‘mas, usually in postmenopausal women. Transformation to SCC occurs most commonly 
(75%), followed by transformation to adenocarcinoma and carcinoid tumors. On the other 
hand, immature teratomas, which have undifferentiated tissue that develops specifically 
from immature neural tissve, tend to be malignant and metastasize quickly 

The two most common teratomas are sacrococcygealteratomas (extragonadal) and ma- 
ture cystic teratomas of the ovary (gonadal). Sacrococcygea! teratomas, which develop at 
the base of the spine, are the most common neoplasms found in newborns with an inci- 
dence rate of 1 case per 20.000-40,000 newborns, whereas mature ovarian teratomas are 
the most common ovarian tumor m young females, particularly in their second or third 
decades of life. Other types of teratomas, cluding testicular and mediastinal teratomas, 
are much rarer. 


Hamartomas (from Greek “hamartia”. meaning “fault, defect” and"-oma" suf 
fix, denoting a tumor) are a benign tumor-like malformation made up of an abnormal 
mixture of cells and tissues found in areas of the body where they grow. Hamartomas are 
considered a developmental error and can occur at a number of sites. The difference be- 
tween hamartomas and normal tissue is that hamartomas is a disorganized tissue mass. 
‘Most hamartomas grow slowly, at a rate similar to normal tissues. In other words, 
‘hamartomas resemble a neoplasm, but in most cases, they do not show any tendency to 
evolve into malignancies. However, cases of neoplastic evolution have been seen with 
‘these lesions. Examples are chondrosarcomas arisen in osteochondromas and neurofibro- 
sarcomas arisen in patients with von Recklinghausen disease. Hamartomas include sever- 
al lesions, including the following: hemangioma; Peutz-Jeghers polyps; juvenile or reten- 
tion polyps; bronchial hamartoma, melanocytic nevi, neurofibromatosis in von Reckling- 
hausen disease, osteochondroma. eto. 

Hamartomas should be distinguished from choristomas. the latter are composed of or- 
‘ganized tissues that are normally absent at a given site, whereas the former are disor- 
‘Banized tissues that are normally found at that site. In other words, choristoma is « normal 
tissue in an abnormal location (e.g. ectopic breast tissue, which is most commonly de- 
tected in the axillary areas), but hamartoma is an abnormal tissue mass in an appropriate 
location. For example, « lung (pulmonary) hamartoma is a growth of non-cancerous tis 
sues, including connective and cartilagineous tissues that are found in the lungs, 


‘Time-honored, idiosyncratic eponyms are used in nomenclature of some 
tumors: Warthin tumor (is a benign tumor of the salivary glands), Brenner 
tumor (is an epithelial tumor of the ovary, which may be benign or malig- 
nant); Wilms’ tumor (another name of nephroblastoma), Hodgkin lymphoma 
(one of the types of B-cell lymphoma), ete. 


Classification of the tumors 


‘Tumors are classified based on their histogenesis and histological types, 
‘as follows: epithelial tumors, mesenchymal tumors, tumors of the nervous 
system, neoplasms of the hematopoietic and lymphoid tissues, ete. 
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Epithelial tumors can be benign or malignant. These tumors can develop 

at every site having epithelial cells. Depending on the type of the epithelium 

(normal or metaplastic), from which the tumor arises, various types of neo- 

plasms can be distinguished: 

* tumors arising from stratified squamous epithelium: benign (papilloma); 
malignant (squamous cell carcinoma, epidermoid carcinoma, verrucous 
carcinoma); 

* tumors deriving from glandular epithelium: benign (adenoma), malignant 
(adenocarcinoma and its organ-specific variants: hepatocellular carci- 
noma, cholangiocarcinoma, renal cell carcinoma, endometriod carcino- 
‘ma, ete.); 

* tumors developing from transitional epithelium (urothelium): benign 
(transitional cell papiliomay, malignant (transitional cell carcinoma or 
urothelial carcinoma); 

= tumors arising from placental epithelium (trophoblasts): benign (hyda- 
tidiform mole). malignant (choriocarcinoma). 

= tumors deriving from mesothelium: malignant (mesothelioma), 

* tumors developing from testicular germinal epithelium: malignant (semi- 
noma, embrional cell carcinoma). 

Mesenchymal (connective tissue and muscle tissue) tumors can be benign 
or malignant. Depending on the tissue. from which the neoplasm arises, and 
on cell of origin, various types of tumors can be distinguished: 

* tumors arising from connective fibrous tissue: benign (fibroma), malig- 
nant (fibrosarcoma, malignant fibrous histiocytoma). 

* tumors developing from embrionic (myxomatous) fibrous tissue: benign 
(myxoma), malignant (myxosarcomay. 

* tumors deriving from adipose tissue: benign (lipoma), malignant (lipo- 
sarcoma); 

* tumors arising from bone tissue: benign (osteoma); malignant (osteosar- 
coma), 

* tumors deriving from cart 
nant (chondrosarcoma), 
tumors arising from the wall of the blood vessels: benign (hemangioma), 

malignant (hemangiosarcoma), 

= tumors originating from the wall of the lymphatic vessels: benign (ym- 
phangioma), malignant (Iymphangiosarcom: 

= tumors developing from notochordal tissue: malignant (chordoma), 

* tumors arising from smooth muscle: benign (/eiomyoma): malignant 
(leiomyosarcoma), 

= tumors derived from striated muscle: benign (rhabdomyoma); malignant 
(rhabdomyosarcoma). 


yous tissue: benign (chondroma)y; malig- 
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Tumors of the nervous system can develop from neural cells (neurons, 
neuroglia), from the cells of peripheral nerve sheath (Schwann cells) and 
meningothelial (arachnoidal) cells and can be benign or malignant. Depend- 
ing on the cell of origin, from which the neoplasm arises, various types of 
tumors can be distinguished: 

* tumors arising from neurons: benign (ganglioneuromay; malignant (new- 

roblastoma, medulloblastoma), 

tumors developing from neuroglia: benign (low-grade astrocytoma, low- 

grade ependymoma, oligodendrogliomay, malignant (anaplastic astrocy- 

toma, glioblastoma, anaplastic ependymoma, anaplastic oligodendrogli- 

oma, anaplastic oligoastrocytoma), 

= tumors deriving from peripheral nerve sheath: benign (schwannoma, neu- 
rilemmoma, neurofibromay, malignant (malignant schwannoma, neuro- 
blastoma), 

tumors arising from meningothelial cells: benign (meningioma), malig- 

nant (malignant meningioma). 

Tumors originating from newral-crest-derived cells can be benign or ma- 


ignant: 

tumors developing from melanocytes: benign (nevus): malignant (mela- 
noma): 

+ tumors arising from Schwann cells: (see above): 

* tumors originating from Merkel cells: malignant (Merkel cell carcino- 

ma). 

small round cell tumors: malignant (primitive neuroectodermal tumors, 

Ewing sarcoma, extraskeletal Ewing sarcoma). 


Despite the commonly used term of "Merkel cell carcinoma", Merkel cells are consid- 


neural crest cells, since they can secrete neuropeptides and transcription factors similar to 
the cells derived from neural crest 
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Tumors originating APUD-system-derived cells can be benign or malig- 

nant; 

* tumors arising from pituitary gland tissue: benign (basophilic adenoma, 

eosinophilic adenoma, chromophobe adenoma} 

tumors developing from parathyroid gland is benign (parathyroid 

adenoma), malignant (parathyroid carcinoma), 

tumors deriving from paraphollicular cells (C cells) of the thyroid gland: 

benign (C-cell hyperplasia); malignant (thyroid medullary carcinoma), 

= tumors originating from Kulchitzky (enterochromaffin) cells: benign 
(bronchial carcinoid), malignant (pulmonary small cell carcinoma, large 
cell neuroendocrine carcinoma of the lung): 

= tumors arising from adrenal medulla tissue: benign (pheochromocytoma); 
‘malignant (malignant pheochromocytoma). 

= tumors developing from islet cells of the pancreas: benign (insulinoma, 
gastrinoma, somatostatinoma, etc.), malignant (malignant insulinoma, 
malignant gastrinoma, malignant somatostatinoma, etc.), 

* tumors deriving from neuroendocrine cells of the stomach and intestine: 
benign (low-grade neuroendocrine twnor), malignant (neuroendocrine 
carcinoma), 

* tumors developing from neuroendocrine tissue of carotid body and 

chemoreseptor system: benign (chemodectomay, malignant (malignant 

chemodectomay, 

tumors originating from sympathetic ganglia and parasympathetic para- 

ganglia: benign (paraganglioma); malignant (malignant paraganglioma). 

Neoplasms of the hematopoietic and lymphoid tissues (hematolymphoid 

tumors) are classified as follow: 

* neoplasms developing from hematopoietic tissue: malignant (leukemia of 

various types); 

neoplasms arising from lymphoid tissue: malignant (Hodgkin lymphoma, 

lymphoma non-Hodgkin, plasmacytoma, multiple myeloma). 

It should be noted that the most majority of solid tumors are classified 

like this, but there very few tumors (¢.g., gonadal tumors, Wilms’ tumor, 

etc.) that are not subject to this classification. 
It is important to note that the described classification reflects the tissue 
and cell of origin of tumors, but in the classifications of international organ- 
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izations tumors are classified based upon tumor site (mainly an organ, rarely 
a system) and on tumor histological properties. 


TUMOR PROGRESS 


ION 
‘Tumor growth 


Nomnal tissues vary greatly in the rate of cell division, the number of 
cells that are actively proliferating and the rate of cell loss (cell death), Cer 
tain normal cells proliferate rapidly, including bone marrow, intestinal mu- 
cosa, and hair follicle cells. Moreover, some cell types (cells of the epider- 
mis, bone marrow cells) continue proliferate throughout life, while other 
types (bone cells, muscle cells) stop active proliferation when a human 
reaches adulthood. Most normal cells remain in a non-dividing state unless 
they are stimulated to replace lost cells. Normal cells when become mature 
lose capability of further division and subsequently die. Therefore, normal 
tissue grows to a point when cell proliferation is balanced by cell loss due to 
that tissue remains static in size, unless subjected to a changing condition 
(ductular epithelium of normal breast during menstrual eycle or pregnancy) 
or environment (callosity due chronic friction of the epidermis) 

Division of malignant cells are not subjected to the regulatory mecha- 
nisms of the body due to that malignant tumors gradually increase in size. 
During their growth, malignant tumors also undergo cell loss as well as call 
division. Cell loss in malignant tumor is partly due to inadequate vasculari- 
zation of the central part of the tumor: when cells are more than 150m 
from the nutrient capillary they undergo inadequate nutrition, Hence, some- 
times the central parts of the malignant tumors are grossly necrotic due to 
lack of blood supply in these parts. Other possible causes of cell loss in ma- 
lignant tumor may be immune or inflammatory attack 

‘Tissue doubling time may demonstrate wide variation in different periods 
of tumor growth. It is not clear whether tumors demonstrate a consistent rate 
of growth from the very early stage to the time when they become massive, 
and there is no way to determine it. There is some evidence that visible tu- 
mors can sometimes demonstrate a progressive slowing of the growth rate, a 
type of growth pattem known as Gompertzian. The Gompertzian growth 
curve depicts the complex pattem of tumor growth demonstrating almost 
exponential growth rate followed by slower growth rate that reaches a plat- 
eau as tumors becomes larger in size. 

Overall, both benign and malignant tumors are capable of growing: be- 
nign tumors grow slowly, but malignant ones demonstrate varied rate of 
rapid grow depending on cell of origin, histological types and tumor grade. 
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‘Tumors developing in parenchymatous organs and soft tissues exhibit 
two types of growth patter: expansive and infiltrative (invasive). 

Expansive growth is characterized by pushing away the surrounding tis- 
sues by the tumor to make space for itself, which become atrophied because 
of longstanding compression. Consequently, atrophied surrounding tissu 
replaced by fibrous connective tissue, which compose capsule (pseudocap- 
sule) around the tumor. In other words, tumors with expansive growth are 
Well-circumscribed without surrounding normal tissue within the tumor tis- 
sue. ‘The thickness of capsule reflects the length of compression period and 
indirectly, the growth rate of the tumor: the longer the compression period 
(the lower the growth rate), the thicker the capsule. Expansive growth pat- 
tem is typical for benign tumors, however, some slow-growing malignant 
tumors (kidney carcinoma, fibrosarcoma, etc.) can demonstrate this type of 
growth pattern as well. 

Infiltrative growth is characterized by tumor cells growing into surround- 
ing tissues owing to their rapid growth, destroying rather compressing them, 
In other words, tumors exhibiting infiltrative growth are ill-circumscribed 
with surrounding normal tissue in the tumor tissue. Infiltrative growth pat- 
tem is typical for malignant tumors with high growth rate. Given the fact 
that growth pattern indirectly reflects the growth rate (as well as the aggres- 
siveness) of the tumor, tumors demonstrating infiltrative growth pattern is 
characterized by poorer prognosis compared with those with expansive 
growth. 

‘Tumors developing in the hollow organs demonstrate two types of 
growth pattem: exophytic and endophytic (infiltrative). Exophytic tumors 
grow out from the mucosal surface as a cauliflower-like mass. Exophytic 
growth pattern is typical for benign tumors and slow-growing malignant 
tumors. Endophytic tumors grow directly into the wall of the affected organ. 
Endophytic growth is typical for malignant tumors. These growth patterns 
may reflect the biological behavior of tumors and host response to them. 
Depending on the affected organ, exophytic tumors (or endophytic tumors) 
may rapidly become symptomatic (or vice versa). For example, exophytic 
tumors developing in hollow organs with non-elastic wall (e.g., trachea, 
bronchus, etc.) become symptomatic at earlier stage due to obstruction of 
the lumen. In contrast to that, exophytic tumors arising from the hollow or- 
gans with elastic wall are asymptomatic for a long time, due to the fact that 
the unaffected larger part of the wall circumference can readily expand: 
thereby, the lumen of the organ cannot become obstructed for a long time. 
Conversely, endophytic tumors in the organs with non-elastic wall are not 
capable of causing obstruction for a long time: on the other hand, endophyt- 
ic tumors in the organs with elastic wall can become symptomatic more rap- 
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idly, due to fact that, the involved larger part of the wall circumference is 
hard and incapable to expand; thereby, the lumen of the organ may become 
narrowed down at earlier stage of the tumor growth, That is why, endophyt- 
ic tumors arisen in the organs with elastic wall are diagnosed earlier than 
endophytic tumors. 


‘Tumor invasion and angiogenesis 


Tumor invasion, the capability of tumor cells to destroy the surrounding 
anatomical structures and penetrate adjacent normal tissues, is the funda- 
mental properties and the distinguishing features of malignancy. This ability 
in conjunction with metastasis is considered a hallmark of cancer and repre- 
sents the aggressive behavior of tumors. Tumor increases its size at early 
stage of its development, the surrounding tissue microenvironment exerts 
pressure on tumor mass to retain its functional-anatomic integrity. The fac~ 
tors limiting the growth of malignant tumors include increased interstitial 
pressure, restricted oxygen supply to tumor cells. permanent exposure to 
attacks of immune system cells, ete. Given the intratumoral heterogeneity, 
in the struggle for survival, some malignant cells may be subjected to re- 
gression or death, while other ones, which resist the powerful, counteracting 
microenvironmental factors, gain an aggressive biological behavior and 
ability of invasion and progression. 

‘The capability of the malignant cells to destroy and invade the adjacent 
tissues is attributable to multiple protease systems upregulated in both tumor 
and stromal cells. These systems include matrix MPs (metalloproteinases), 
ADAMs (a disintegrin and metalloproteases) etc., which includes colla- 
genases, gelatinases and stromelysins. These proteases cleave most if not all 
of the constituents of the extracellular matrix that is accompanied invasion 
by tumor cells. Tissue inhibitors of metalloproteinases preclude and termi- 
nate their activity. Certain tissues are characteristically resistant to tumor 
invasion, including compact bone, cartilage, large blood vessels, adipose 
tissue. 

AS the tumor grows, the existing blood 
cells with oxygen and nutrients. Undoubtedly all tumor cells need to resi 
in close proximity to blood vessels to access the blood supply in order to 
survive and proliferate. Therefore, tumor progression is accompanied by 
ingrowth of blood vessels (neoangiogenesis) through a variety of molecular 
and cellular mechanisms. ‘This process involves the migration, growth, 
and differentiation of endothelial cells, which line the inside wall of blood 
vessels. This process is regulated by a large number of pro- and anti- 
angiogenetic factors. Endothelial cells are normally quiescent, but can be 
induced to sprout and initiate angiogenesis by pro-angiogenic molecules. In 
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other words, sprouting vessels are formed from existing blood vessels 
through proliferation on endothelial progenitor cells into the surrounding 
matrix. Pro-angiogenic factors upregulated during angiogenesis include 
VEGF (vascular endothelial growth factor), PDGF (platelet-derived growth 
factor), FGF-2 (fibroblast growth factor 2), placental growth factor (PIGF), 
transforming growth factor beta (TGF-B), and ete, When VEGF and other 
endothelial growth factors bind to their receptors on endothelial cells, sig- 
nals within these cells are initiated that promote the growth and survival of 
new blood vessels. The mechanism upregulating these factors may also 
cause downregulation of anti-angiogenetic molecules, such as angiostatin, 
endostatin, or trombospondin. In addition to supply with oxygen, nutrient 
and growth factors, angiogenesis makes also condition for metastasis to 
tant sites. 

Normally, the angiogenesis stimulating and inhibiting effects of these 
chemical signals are balanced so that blood vessels form only when and 
Where they are needed, such as during growth and healing. But, for reasons 
that are not entirely clear, sometimes these signals can become unbalanced, 
causing increased blood vessel growth that can lead to abnormal conditions 
or disease. For example, angiogenesis is the cause of age-related 
wet macular degeneration. 


Metastasis 


Malignant cells can be detached from the tumor mass due to complete 
loss of (or a reduction in) intracellular adhesion molecules, and therefore, 
enter vascular and other channels and spread to distal sites in the body; 
thereby, metastasis occurs. Cancer cells can spread through several routes: 
lymphatic, hematogenous, transcoelomic, implantation, perineural, etc. The 
extent of spread via different routes greatly depends on tissue of origin, lo- 
cation and stage of the primary tumor 

Lymphatic spread is common with epithelial malignancies (carcinomas) 
and follows invasion of lymphatic vessels. Through this route malignant 
cells are carried to the closest lymph nodes and grow there. From these 
nodes cancer cells can further spread to the lymph nodes of the next station 
and so on. In addition to epithelial malignancies, melanoma and primary 
gastrointestinal lymphomas have a propensity to lymphatic spread, whereas 
sarcomas are not prone to spread via lymphatic route, 

Hematogenous spread occurs after cancer cells have entered the blood 
vessels (veins) near or within the primary tumor. Cancer cells can also 
spread hematogenously after they have been shed into the blood from the 
thoracic duct, which can receive cancer cells from involved lymph nodes. 
All tumors, regardless of the tissue of origin, are prone to hematogenous 
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spread, which greatly depends on T-stage (and N-stage in epithelial malig- 
nancies) of the disease in conjunction with many other factors, including 
molecular-genetie profile of the tumor. Tumor cells are then trapped in the 
capillary network of certain organs, mainly in the lungs and liver, relatively 
rare in other organs (the bones, adrenal glands, ete.). Depending on the loca- 
tion of primary tumor, hematogenous metastasis can occur primarily in the 
liver or in the lungs. By example, malignant tumors of the organs (the stom- 
ach, pancreas, bowels, ete,), veins of which merge with the portal venous 
system, mostly and firstly metastasize to the liver, but all other organs and 
tissues develop metastasis in the lungs, because their venous blood flows 
into superior or inferior vena cava. Lung cancer can spread to all organs, 
because detached from the primary tumor cancer cells can be carried to and 
trapped in any organ via systemic blood flow, That is why, sarcomas typi- 
cally spread to the lungs regardless of location of the primary tumor. Certain 
tumors characteristically spread to some particular structures, while others 
do not; an example is breast carcinoma, which typically metastasize to the 
axial skeleton. The biological mechanisms for this preference are not 
known. 

‘The capacity of the tumor cells to invade the local tissue and colonize in 
the distant organs varies with different tumor types. sometimes with the 
same type and degree of differentiation that presumably related the pattern 
of genetic alterations, which is acquired by the tumor cells with time, It 
should be noted that within the single tumor, there is heterogeneity in the 
metastatic potential of the constituent cells, which is also can be explained 
by acquisition of new genetic alterations by different group of constituent 
cells over time. 

Transcoelomic spread refers to route of metastasis across a body cavity: 
spread of cancer of the organs in the peritoneal cavity (ovarian carcinoma, 
gastric carcinoma, ete.), or pleural cavity (lung carcinoma), or peritoneal or 
pleural surface (mesothelioma) along the serosal surface. It should be noted 
that transcoelomic spread occurs at different T stage of tumor depending on 
the organ of origin: it can occur at any TT stage of the ovarian carcinoma or 
mesothelioma, but in other cancers, when the tumor invades the visceral se- 
rosa. 

Fragment (or cells) of neoplastic tissue can easily detach from the prima- 
focus and adhere to epithelial surfaces as implantation metastasis. Th 
malignant cells may be rejected rarer compared with foreign donors. ‘This 
type of metastasis occurs rarely and can develop spontaneously or iatrogeni- 
cally. Spontaneous implantation metastasis is believed to occur on tender 
surfaces due to rubbing or in the sites with resultant problems of wound 
processes. Paget's disease of the breast (also known as Paget's disease of the 
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nipple) and perianal (extramammary) Paget's disease are more increasingly 
considered to be resultant malignancy due to spontaneous implantation me- 
tastasis. Rare cases of spontaneous implantation metastasis to the vagina 
from endometrial carcinoma have been described. Iatrogenic implantation 
metastasis can occur after surgery (¢.g., well-differentiated adenocarcinoma 
metastasis in an abdominal wound) or percutaneous biopsy (tumor seeding 
along the needle track) due to artificial implantation, 

Perineural tumor spread refers to migration of tumor cells along nerve 
sheath in proximal and/or distal directions. Perineural spread more frequent- 
ly occurs in carcinomas of salivary glands, mucosal or cutaneous squamous 
cell carcinoma (SCC), basal cell carcinoma (BCC), melanoma, lymphomas, 
and sarcomas. Perineural spread is associated with a worse prognosis and 3- 
fold increased local recurrence rate. 

Some atypic metastatic sites cannot be fully explained by described 
above mechanisms: Krukenberg tumor (ovarian metastasis) in gastric, or 
colorectal, even breast carcinoma; Virchow (Troisier) metastasis (left supra 
clavicular lymph node metastasis) in gastric carcinoma; Irish node (left axil- 
lary lymph node metastasis). 

Metastasis is characteristic of malignant tumors; but some malignant tu- 
‘mors extremely rarely metastasize (e.g., cutaneous SCC), or giant-cell tumor 
of the bone, a benign tumor can develop metastasis. 

Metastasis can be detected at initial diagnosis (synchronous metastasis) 
or later (metachronous metastasis), after a certain time (even after years) 
following radical-intent treatment. In the latter case, metastases develop 
mostly from pre-existing occult micrometastasis, that had not been detected 
at initial diagnosis. 


'UMOR STAGE AND RESTAGE 


Malignant diseases are progressing continuously with varied rate depend- 
ing on primary tumor location and histological type of cancer. Malignant 
tumors are local diseases up to some point of their progression, from that 
point up to certain point they become locoregional diseases, and from that 
point are systemic diseases. Hence, three significant events are distinguished 
in tumor progression: local growth of the tumor (1), spread to regional 
lymph nodes (N), and spread to distant organs (M). Therefore, description 
of malignant tumor stage with TNM symbols using numerical subsets of , 
N, and M components characterizes the extent of local growth, the extent of 
regional spread, and absence or presence of distant (systemic) disease, re- 
spectively. 

As the extent of local growth increases, the likelihood of lymphatic 
spread and distant metastases also increases in parallel, and consequently 
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clinically becomes more evident and more frequent. Determining the ana- 
tomic extent (stage) of malignant tumors is crucial before definitive treat- 
ment begins. Descriptive designation of the stage of malignant tumors with 
TNM symbols has clinical significance to imagine the anatomic extent of 
the disease and to use adequate treatment options, since the employed treat- 
ment modalities can provide local, or locoregional, or systemic control de- 
pending on the character of treatment methods. 

Different TNM staging classifications are used depending on that the 
stage of the tumor assessed in pretreatment period, or after radical-intent 
surgery, or after occurrence of recurrent tumor, or following autopsy. 

In pretreatment period the anatomic extent of the tumor can only be as- 
sessed clinically, which is used as a guide to the selection of upfront treat- 
ment. Clinical staging cannot always describe the true stage (anatomic ex- 
tent) of the tumor, since the extent of local invasion and micrometastases 
(occult metastases) in regional lymph nodes and distant organs are difficult 
to assess on the bases of clinical and imaging studies. Nevertheless, clinical 
stage (designated as cTNM) of malignant tumor remains the most reliable 
criterion for selection of primary therapy. 

Pathological stage (pTNM) of the tumor can only be defined after patho- 
logical examination of removed tumor and removed lymph nodes. Despite 
the fact that pathological staging cannot confidently confirm the absence of 
spread to distant organs (but can correctly verify the presence of metastasis, 
if metastatic lesion removed or biopsy samples were obtained from it), 
pINM js more reliable compared with cTNM. The pathological stage of 
tumor is used as a guide to assessing the need for adjuvant treatment, and to 
predicting the most likely prognosis. 

Recurrent malignant tumors are staged with the same criteria that are 
used in pretreatment clinical staging. However, the significance of these eri- 
teria may be different. Therefore, FNM is considered for recurrent cancer, 
Which is used for therapeutic guidance and predicting the most likely prog- 
nosis. 

Staging of malignant tumor following autopsy is designated as aTNM 
that can describe the stage of the disease more correctly because all distant 
organs can be assessed pathologically in terms of metastasis. This staging 
can be used in epidemiological studies and end-results reports. 

Regardless of the staging classification (clinical, pathological, ete.) every 
component of TNM stage has its numerical subsets, which are subject to the 
certain rules: 

Subsets of T component describing the local extent of primary tumor: 

‘TX ~ primary tumor cannot be assessed: 
‘TO —no evidence of primary tumor: 
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Tis ~ carcinoma in site; 
‘TI, T2, T3, T4 — local extents of primary tumor in increasing order (in 
cases of ovarian carcinomas, only TI, T2 and T3); 

Subsets of N component describing the extent of regional lymph in- 
volvement: 
NX ~ regional lymph nodes cannot be assessed; 
NO — no regional lymph node metastasis; 
N1, N2, N3 — extents of regional lymph involvement in increasing or- 
der (direct invasion of the primary tumor into lymph nodes is accepted 
as lymph node metastasis; metastasis in any lymph node other than 
regional is accepted as distant metastasis); 
Subsets of M component describing the absence or presence of distant 
organ metastasis: 
MX — distant organs cannot be assessed (in the 8th edition of TNM 
classification, this category is not used); 
MO — no distant metastasis 
M1 — distant metastasis exists. 
Some addition explanations about T, N, and M components are needed: 

1) depending on the location of primary tumor T component can be assessed 

with the size of the primary tumor or with the depth of tumor invasion; 2) 

‘Tis description is used only in cases of carcinoma, which did not extend be- 

yond basement membrane; 3) the maximal extent of T component can be T3 

(eg. ovarian carcinoma), or T4 (other sites); 4) the maximal extent of N 

component can be NI (¢.g., prostate carcinoma, renal cell carcinoma, thy- 

roid carcinoma, hepatocellular carcinoma, soft tissue sarcoma), or N2 (e.g.. 

pancreatic carcinoma, endometrial carcinoma) or N3 (e.g., gastric careino- 

‘ma, lung carcinoma) depending on the location of primary tumor; 5) the ex- 

tent of lymph node involvement can be determined by the number of in- 

volved lymph nodes (e.g., colorectal carcinoma) or by the involved zone of 
lymph nodes (e.g., lung carcinoma), 6) MO description is defined based of 
imaging studies (in both and pathological staging), but M1 descrip- 
tion can be defined based on imaging studies (in clinical staging) or histo- 
pathological examination (in pathological staging). If only a distant metasta- 
sis has been verified histopathologically, the classification is pathologic (is 
depicted as pM1), and the stage (stage IV) is pathologi 

Staging of malignant tumors according to TNM classification is signifi- 
cantly precise description of anatomic extent of diseases. Primary tumor 
with 5 categories (T0-T4), lymph node involvement with 4 categories (NO- 

N3) and state of distant organs with 2 categories (MO-M1) make 40 combi- 

nations. For more practical use of staging, it is necessary to condense these 

combinations into a convenient number of TNM stage grouping. For this 
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purpose, these combinations are grouped in five stages (from stage 0 to 
stage IV) based on the principles that each stage group is relatively homog- 
enous regarding the survival for particular cancer site (survival rates for 
each stage grouping for each cancer site is different). Carcinoma in situ is 
categorized stage 0; cases with distant metastasis (regardless of the extent of 
T and N component) is categorized stage IV (with exception of differentiat- 
ed thyroid carcinoma in patients aged SS years, where M1 category corre- 
sponds to stage II). The other TNM combinations are grouped in stages 1, II 
and III depending on the extents of T and N components. It should be noted 
that in prostate carcinoma, for stage grouping, both Gleason score and PSA 
level are also taken into consideration. In some malignant tumors (¢.g., soft 
tissue sarcoma, bone sarcoma) for stage grouping tumor grade (G) is also an 
important parameter (see above). 

Rarely. other descriptions indicating absence or presence of lymphatic 
vessel or venous invasion (LX, LO, LI and VX, VO. V1. respectively) are 
also used along with TNM symbols. 

When the tumor recurs after a disease-free interval or progress further af 
ter treatment, restaging is used, and identified by "r" prefix: rTNM. Restag- 
ing can demonstrate how the cancer responded to treatment and helps de- 
termine the best treatment options for cancer according to its current extent. 


TUMOR RECURRENCE 


Tumor recurrence refers to conditions when the same tumor develops 
again after a disease-free period of time following treatment. This process 
may take weeks, months, or even years after the original tumor was treated. 
The risk of recurrence depends on the type of primary tumor and treatment 
option used, The following recurrence patterns are distinguished: 

* Local recurrence, which means that the tumor has recurred in the primary 
site of the original tumor. Both benign and malignant tumor can recur lo- 
cally; 

* Regional recurrence, which implies relapse of the cancer in the regional 
lymph nodes of the primary 

* Distant recurrence, which means that the cancer has relapsed in the dis- 
tant organs, 

Recurrent cancer is named for the primary site of the original tumor, even 
it recurs in distant organs. By example, if breast carcinoma recurs in the liv- 
er, itis called metastatic breast carcinoma. 

‘The time between radical-intent treatment and relapse indirectly reflects 
the clinico-biological behavior of the tumor and prognosis for recurrent tu- 
mor: the shorter the time for recurrence, the higher the aggressiveness of the 
‘metastatic tumor. 
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Loeal recurrence also greatly depends on the absence or presence of mi- 
croscopie residual tumor following radical-intent treatment and described by 
the symbol R. The R categories are: RX — presence of residual tumor cannot 
; RO — no residual tumor; R1 ~ microscopic residual tumor, R2 ~ 
¢ residual tumor. 

Recurrence of the tumor cannot be predicted precisely, but there are indi- 
rect factors associating with high risk of developing relapse. Local extent of 
the tumor (T' stage) is one of the main predictors: the higher the local extent 
of the tumor, the higher the risk of recurrence of all patterns (local, regional 
and distant), Recurrent cancers are staged like primary tumors, but with "r" 
prefix: FNM (see above). 
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DIAGNOSTIC PRINCIPLES OF MALIGNANT TUMORS 


‘Timely and precise diagnosis of malignant tumors is a crucial point for 
successful treatment, Implementation and application of new diagnostic 
tools and techniques have made a significant tum in this direction, 
Unfortunately, despite the use of informative diagnostic methods nowadays, 
most of the malignant tumor cases are detected at advanced or metastatic 
stage of the diseases, which are associated with worst prognosis. 

‘Tumors detected by appropriate diagnostic methods should always be 
verified by histopathologic examination of obtained tissue samples because 
imaging or endoscopic examinations cannot always differentiate malignant 
tumors from benign ones and from some other diseases on one hand; on the 
other hand. various tumors can arise from the same organ or tissue, which 
require different treatment approaches and have different prognosis. 

After histopathological confirmation of malignant tumors, the stage of 
the tumor should be assessed before treatment because the treatment strate- 
gy of malignant neoplasms strictly depends on the stage of the disease. 

Before the treatment of malignant tumors, the performance status of the 
patients and comorbidities should also be evaluated because most treatment 
approaches for malignant tumors require good performance status, and in 
most of the cases, elderly patients are affected who are prone to have serious 
comorbidities incompatible with tumor-specific treatment approaches. 


DIAGNOSTIC MI 


ETHODS OF MALIGNANT TUMORS: 


Malignant tumors are the diseases characterized by growing pathologic 
tissue mass. Therefore, they can be visualized by imaging and/or endoscopic 
tools, and without visualizing the primary tumor or its metastasis, malignant 
tumor cannot be suspected and subsequently the diagnosis cannot be made. 
For direct and indirect visualization of tumors or their metastases, a wide 
range of imaging and endoscopic tools exists for practical use. Depending 
on the location of primary tumor, numerous or few diagnostic modalities 
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can be applied, each of which is able to provide different and additional in- 
formation that is important for choice of treatment options. 


Clinical Examination 


Complaints of patients with cancer are various depending on the location 
of tumor, its stage and complications associated with it, The main complaint 
of patients with cancer of visible organs is the apparent lesion, while pa- 
tients with malignancies of visceral organs complain of symptoms charac- 
teristic of the any diseases of the appropriate organ. In some cases, patients 
report local symptoms, but somatically they look healthy. In other cases, the 
general symptoms. “cancer symptoms" (loss of appetite, weight loss, fa- 
tigue, extreme tiredness, ete.) are prominent, which are mostly correlated 
with aggressive behavior of malignancy, or metastatic disease, or life- 
threatening complications (bleeding from tumor, persistent vomiting or diar- 
thea, etc.) of cancer. 

Clinical examination (history taking. inspection, observation, palpation, 
percussion, auscultation) is very important step of examination of patients 
with malignant tumors. History taking should include dynamics of patient's 
complaints, occupation and living conditions, relation to smoking. alcohol 
abuse, lifestyle, history of organ transplantation, personal history of malig- 
nancy, family history of cancer, family history of inherited genetic disorders 
that might be associated with malignant tumors, ete. 

Inspection should include total-body inspection. On inspection, tumor 
can be visualized in visible regions of the body (on the skin, lips, in the oral 
cavity, etc.), Enlarged bulky lymph nodes or a tumor mass in the extremi- 
ties, trunk or neck can also be inspected. Ulceration of the tumor can also be 
assessed by inspection, presence of which is associated with poor prognosis 
in some visible tumors (¢.g., melanoma), Loss of muscle mass, pale skin due 
to anemia, jaundice seen on inspection may be related to underlying ma- 
lignant disease. Anatomic abnormalities (webbed neck, hypertelorism, etc.), 
cutaneous ("café-au-lait” spots, shagreen patches, hypomelanotic macula, 
ete.) and mucocutaneous changes (mucocutaneous hyperpigmentation) de: 
tected on inspection may be related to inherited disorders, which are fre- 
quently associated with malignant diseases (Figures 17.6A, 22.2B, 26.1). 

Palpation is very informative tool for diagnosis of malignant tumors. Pal- 
pation can assess the consistency, border, mobility, tendemess of the palpa- 
ble tumor. Palpation can also assess the enlarged regional or distant lymph 
nodes in some malignant tumors (¢.g., axillary lymph nodes in breast carci- 
noma or enlarged supraclavicular lymph nodes termed Virchow nodes in 
gastric carcinoma). Some information obtained by palpation cannot be ob- 
tained by imaging modalities: for example, tenderness and mobility of tu- 
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mor on palpation, which are very informative signs for diagnosis and resee- 
tability of tumor. Tendemess on palpation is not characteristic of malignant 
tumor, presence of which mostly indicate inflammatory conditions. Fixed 
tumor mostly indicates malignant nature of the tumor and its attachment to 
structures of the musculoskeletal system commonly reflecting its unresecta- 
bility 

Percussion can detect massive fluid (often is related to spread of tumor 
on serosal surfaces) or huge tumor mass in the pleural and abdominal cavity. 
Auscultation can detect abnormalities associated with lung cancer. 


Imaging studies 


As mentioned earlier, malignant tumors are characterized by occurrence 
of abnormal, pathologic tissue mass, demonstrating different tissue density 
and vascularization, accordingly dissimilar blood supply. Therefore, tumors 
can be visualized by imaging studies, even at earlier stages of the disease, A 
wide range of imaging modalities exists nowadays and is used for diagnosis 
and staging of malignant tumors. These modalities may provide various in- 
formation and demonstrate different sensitivity or specificity in obtaining 
any particular information. Therefore, in some cases, it becomes necessary 
to employ several imaging studies for diagnosis and staging of malignant 
tumors. 

Four groups of imaging modalities are used for diagnosis of malignant 
tumors based on the physical mechanisms of the study: X-ray examinations; 
nuclear medicine imaging: diagnostic ultrasonography; magnetic reso- 
nance imaging (MRI). 


X-ray examinations 

X-ray examination is based on the emission of X-rays from special de- 
viee, which pass through the part of the body and are detected by detector, 
by using a special technology (currently, digital technology) two- and three- 
dimensional pictures of body structures are created. The conventional X-ray 
examination is non-invasive and the doses of radiation from this modality is 
considered safe (is roughly the same as one receives from environment in 
about one week), Despite the invention and application of new diagnostic 
techniques and methods in recent decades, X-ray examinations cannot be 
replaced entirely and are frequently used in routine practice. 

Different methods of X-ray examinations are used for diagnosis of ma: 
lignant tumors. Plain X-ray examination is mainly employed for diagnosis 
of cancers that affect bones or lungs (Figure 12.5). Plain X-ray examination 
is also an informative and widely accessible diagnostic tool for diagnosis of 
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acute bowel obstruction caused by malignant tumors. Barium swallow isa 
sufficiently informative imaging test (with drinking liquid that contains ba- 
rium) in detecting upper and lower gastrointestinal tract tumors and 
formed by fluoroscopy. Fluoroscopy assesses the internal organs moving in 
real time, This diagnostic method is especially helpful for assessing the de- 
gree of pyloric stenosis due to carcinoma of the gastric antrum (Figure 
14.12). Barium enema is a special imaging study of large intestine (with in- 
jection of liquid containing barium sulfate into the rectum) that detect colo- 
rectal tumors with sufficient diagnostic accuracy. Intravenous pyelography 
(excretory urography) is a special imaging test (with intravenous contrast) 
of the urinary tract that may be used to diagnose urinary tract tumors. Exere- 
tory urography is especially useful for synchronous upper urinary tract (re~ 
nal pelves and ureters) neoplasms in those with transitional cell carcinoma 
of the bladder. Retrograde pyelography (retrograde pyeloureterography) is 
a method of imaging the upper urinary collecting system (with instillation of 
Water-soluble contrast in the ureter of interest) that can detect small tumors 
in the upper urinary tract. Endoscopic retrograde cholangiopancreaticogra- 
phy (ERCP) is a special imaging study of the biliary tract and pancreatic 
duct (with injection of water-soluble contrast in the biliary tract and panere- 
atic duct) that can detect pancreatobiliary tumors and differentiate them 
from other pathological conditions causing biliary obstruction. Percutane- 
ous transhepatic cholangiography (PTC) is a special imaging test (with in- 
jection of water-soluble contrast in the biliary tract via percutaneous 
transhepatic route under the ultrasonographic guidance) that can assess the 
level of biliary obstruction and its cause. Selective angiography (with injec- 
tion of water-soluble contrast in the appropriate artery) as a diagnostic tool 
in the detection and assessment of malignant tumors is currently rarely used 
and replaced by more informative imaging studies. It should be noted that 
all X-ray imaging studies performed by injection of contrast detect malig- 
nant tumors based on the presence and appearance of filling defect (charae- 
teristic of neoplasms) in the lumen of the hollow organs. 

Mammography is a specific type of breast imaging that uses low-dose X- 
rays to detect cancer in the breast. Depending on the aim of the study, 
screening and diagnostic mammography is used (Figure 18.14). Screening 
mammography is applied to detect breast carcinoma before women expe 
rience symptoms of this disease. Diagnostic mammography may include 
extra views of the breast that are not part of screening mammography. 

Computerized tomography (CT scan) is an informative diagnostic imag- 
ing study based on the combination of series of X-ray images taken from 
different angles around the body and use of digital processing to create 
cross-sectional images of the body part of interest. CT sean is very informa- 
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tive diagnostic tool for detection and assessment of neoplastic lesions de- 
veloped from any organ and tissue. This diagnostic modality not only can 
detect malignant tumors at earlier stages, also precisely evaluates their stage, 
including the size of tumor and its relationship to adjacent anatomical struc- 
tures (‘T), state of regional lymph nodes in the form of enlargement (N), and 
involvement of distant organs (M) more frequently affected by spread of the 
any particular tumor. Therefore, CT scan in most of the cases of malignant 
tumors is an integral part of diagnostic workup for staging, as the treatment 
strategy of cancers directly depends on the stage of the tumor. 

CT scan visualizes tumors by detection of abnormal tissue mass, en- 
largement (lymph nodes, soft tissue, bones) or thickening of anatomic strue- 
tures (walls of hollow organs), differences in density or vascularization (in 
parenchymatous organs) of pathological tissue. Very small tumors can be 
missed on CT imaging due to absence of the mentioned features in early- 
stage tumors. As the tumor grows, these features become more prominent 
and can be easily detected on CT scan. Tumors in parenchymatous organs 
(e.g. in the liver, pancreas) may demonstrate a difference in vascularization 
earlier than a difference in pathological tissue density. A difference in vas- 
cularization can be detected using intravenous contrasting. Therefore, after 
receiving native images. contrast-enhanced CT images are obtained. Con- 
trast-enhanced CT scan can also more precisely assess the relationship of 
the tumor to adjacent organs and more accurately differentiate enlarged 
lymph nodes from vascular structures, which are very important for clinical 
staging. Wall thickening of gastrointestinal hollow organs (focal or segmen- 
tal wall thickening is characteristic of malignant tumors) can more precisely 
detected by per oral contrasting. 

CT scan not only demonstrates hypodense view (hypodense view appears 
as black on CT images) of the lesions by their appearance, it can also differ- 
entiate them via objective assessing the density by relative quantitative 
measurement with HU (Hounsfield Unit), By objective assessing the densi- 
ty, lesions having the same hypodense appearance (cysts, fluid collection, 
lipoma, liposarcoma, etc.) can be differentiated radiologically. 

CT scan has an ability to reconstruct the images in three different planes: 
axial, coronal and sagittal. Visualizing the anatomy and pathology in all 
three planes is particularly helpful for assessing the extent of the disease. 

CT scan can also detect very small volume of fluid in serosal cavities; in 
the peritoneal, pleural and pericardial cavities, which in many cases is the 
indirect sign of tumor spread on serosal surfaces. 

‘The main disadvantage of CT scan is an exposure to high-dose of radia- 
tion, due to which it cannot be used in children and in cases requiring repeat 
imaging within short period of time. Use of iodinized contrast agent is an- 
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other relative disadvantage, which is especially inappropriate for patients 
with significant kidney problems. 


Nuclear imaging 

Nuclear imaging is a method of obtaining images by detection of radioac- 
tivity emitted from different parts of the body after very small amounts of 
radioactive substance (called radioactive tracer or radionuclide or radio- 
pharmaceuticals) are given to the patient. Radiotracers are typically injected 
into the blood stream (Te), inhaled ('"'Xe) or swallowed (!"'1), Several 
types of radionuclides are available for diagnostic use depending on the type 
of the study and organs being studied: SI ete. On nuc- 
lear imaging, the tracers are also labeled with substances (sometimes, even 
with antibodies), which have affinity to the studied tissue due to that tracers 
are selectively taken up by that particular tissue. Therefore, radionuclide 
taken up by tissue being examined gives off energy in the form of gamma 
rays, which are detected by a special camera (gamma camera) and are trans- 
ferred to a computer to create images. The time between the administration 
the tracer and taking images may range from a few minutes to a few days 
depending on the tissue being examined and radionuclide being used. 

‘The areas where the radionuclide collects in greater amount than the sur- 
rounding tissue are called “hot spots” (Figure 25.3), and the areas that do not, 
absorb radiotracer are referred to as "cold spots". On nuclear imaging with 
use of '!1 for thyroid carcinoma metastasis in bones, the metastatic lesions 
appear as "hot spots" because thyroid carcinoma cells intensely absorb io- 
dine atoms, For detection of neuroendocrine tumors or their subclinical me- 
tastases, indium(!"'In}-labeled octreotide (octreotide is a somatostatin ana- 
Jog) is used, which binds to somatostatin receptors on neuroendocrine cells 
and subsequently, demonstrate neuroendocrine tumor or its metastases as 
“hot spots". On the contrary, on nuclear imaging performed with the use of 
"Te to search for bone metastasis, metastatic lesions are detected in the 
form of "cold spots” because normal bone tissue with osteoblastic activity 
intensely takes up "Te (complexed to a diphosphonate, MDP or HDP), but 
metastatic lesions do not. 

‘The main advantage of nuclear imaging is its capability to detect occult, 
subclinical metastases in different parts of the body, especially in skeletal 
system. The main disadvantage of this diagnostic modality is exposure to 
radiation that is especially concerning in pregnant and breastfeeding women. 
‘The other disadvantage of nuclear imaging is its high cost. 

Different methods of nuclear scintigraphy are used in diagnostics of ma- 
lignant tumors: planar imaging. single-photon emission computed tomogra- 
phy (SPECT), positron emission tomography (PET). 
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Radioscintigraphy is very sensitive for detection of lesions, but its speci- 
ficity is low. In planar imaging, the gamma camera remains stationary due 
to that the obtained images are two-dimensional (2D). But on SPECT, the 
gamma camera rotates around the patient owing to that axial "slices" of the 
studies organ are produced. Therefore, SPECT allows to obtain three- 
dimensional (3D) images similar to those produced by CT (Figure 25.3). 
‘Consequently, SPECT can localize abnormalities better that planar imaging. 

Positron emission tomography (PET) is a type of nuclear medicine imag- 
ing that measures metabolic activity of the cells, including cancer cells, by 
means of which can detect malignant tumors and their metastases. In other 
words, PET visualizes tumors based on their biochemical properties. There- 
fore, PET differs from other nuclear medicine studies in that PET detects 
tumors based on the metabolic ai of tissues, whereas other types of 
nuclear medicine imaging detect malignant neoplasm based on the amount 
of a radionuclide collected in tissue. Based on this capability of PET, in 
many cases, malignant tumors can be detected by PET long before anatomi- 
cal changes related to the malignant disease that can be seen with other im- 
aging studies, such as CT and MRI. 

The technique of PET is based on the detection of radioactivity emitted 
after a small amount of a radioactive tracer is injected into a peripheral vein 
(Figure 4.1). The tracer is usually labeled with 0. 'SP, "'C, or SN. The to- 
tal radioactive dose is similar to the dose exposed on CT scan. 

Cancer cells take up glucose molecules at higher rate compared with 
counterpart normal cells and benign tumor cells due to the fact that cancer 
cells are more metabolically active; thereby. the most common radiotracer 


2 Positron collides with an electron in the Ctopay 
tissue and inthe process converts mis 19 Lseemerepne? 
energy (E=me2) in the form of reo photons. pererecy 


Figure 4.1. Schematic description of principle of PET. 
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used for the detection of malignant tumors is 18Fluorodeoxyglucose 
(FDG). Therefore, PET scans detect pathological lesions based on hyper- 
active metabolism of the tracer (Figure 13.6). It should be noted that the ra- 
diotracer can also accumulate at sites of inflammation because inflammatory 
cells demonstrate metabolic activity, as well. 

New technology combines PET imaging with CT or MRI into one scan- 
ner, known as PET-CT or PET-! y. These combined devices 
demonstrate more accuracy in the diagnostics of malignant tumors. 
scan is a useful diagnostic tool in detecting cancer and revealing its 
r scan is also helpful for assessing the effective- 
ness of the treatment and finding a cancer recurrence; so it can distinguish 
recurrent tumor from radiation necrosis and surgical scarring, as well as re~ 
sidual noneancerous tissue form malignant one. 

Nevertheless, PET imaging must be interpreted cautiously because some 
noncancerous conditions can look like cancer due to their increased meta 
bolic activity (e.g., focus of inflammation), and some malignant tumors may 
not be visualized on PET scan because of their low FDG uptake (e.g., mu- 
cinous carcinomas, low-grade MALT lymphoma, gastrointestinal follicular 
lymphoma, ete.). 

Despite low amount of radiation, the patients are exposed to on PET 
scan, it can cause concems in pregnant and breastfeeding women because 
‘unborn babies and newborn babies are also exposed to radiation 


Diagnostic ultrasonography 


Diagnostic ultrasonography (US) is a type of imaging studies and based 
on using ultrasound to image organs and structures within the body. The 
transducer sends ultrasound waves into the body, detects and collects the 
ones that rebound back and transmits them to a computer to create images 
These images can provide valuable information for diagnosing and staging 
malignant tumors. US is a noninvasive and safe examination without using 
radiation unlike the described previous imaging studies. Due to this ad- 
vantage, US can be repeatedly used if needed, without posing a danger to 
the body. Furthermore, this examination can be safely used in newborns and 
children as well. 

Conventional ultrasound devices display the images in planar sections, 
but advancements in ultrasound technology have led to obtaining three- 
dimensional (3D) images as well. A Doppler ultrasound may be part of ul- 
trasound examination when evaluating neoplasms. This special ultrasound 
technique can evaluate blood flow within the tumor and the tumor’s relation- 
ship to adjacent major vessels; this information may be important for diag- 
nosing and staging some tumors. 
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Ultrasonography is a useful, in 
tems of detecting and assessing ne- 
oplasms, method of examining 
many organs and anatomical struc~ 
tures, including but not limited to 
the following: organs with glandular 
structure (the parotid gland, thyroid 
gland, breast, liver, pancreas, adren- 
al gland, kidney, ovary, testis), or- 
gans with muscular structure (the 
heart, uterus, muscles), organs with 
lymphoid structure (the spleen, 
lymph nodes), some of hollow or- 
gans (gallbladder, bladder) and soft 
tissue. 
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Figure 42 Hemangioma of the liver in a 
SO-year-old male patient with low-third 
rectal careinoma, which is precisely differ- 
entiated from presumed liver metastasis 
based on CT scan. 


Ultrasound examination is capable to detect primary neoplasms and their 
metastases in aforementioned organs and tissues with great sensitivity, eval- 
uate their structure, measure their size, to assess their relationship to adja- 
cent organs and differentiated them from other benign lesions (Figure 4.2), 
In addition, US can also accurately assess the regional lymph nodes, espe- 
cially peripheral ones, such as neck, supraclavicular, axillary, inguinal 
lymph nodes. which is essential for clinical staging of tumors in the appro- 
priate organs. US is also very accurate imaging tool do detect and differenti 
‘Me metastasis to the liver. Moreover, a small amount of fluid in serosal ea 
ties (pleural cavity, pericardial cavity, peritoneal cavity), which in patients 
with malignant tumors of related organs mostly is due to dissemination on 
the serosal surface, can easily be detected by ultrasound examination. There- 
fore, US not only is capable to detect malignant tumors with great accuracy, 
it can also assess the clinical staging of the cancer. 

US requires little (not drinking and eating before examination of the 
gallbladder; drinking much water for having full bladder before pelvic ex- 
amination) to no special preparation, which is also among its advantages. 
Nevertheless, this examination has limitations. Ultrasound waves cannot 
travel well through air or bone due to that US is not useful for examination 
of organs and structures that have gas (¢.g,, the lungs) or hidden by bone 
(e.g, the brain), It should be noted that fatty tissue makes it harder for ultra- 
sound waves to penetrate through to the organs and obtain good quality im- 
ages in overweight people. 

Endoscopic ultrasonography (EUS) is a minimally invasive procedure 
that combines endoscopy and US for obtaining images of the digestive tract 
(the esophagus, stomach, rectum, etc.) and surrounding organs and tissues. 
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sion of gastrointestinal tumors, their 
relationship to nearby structures, 
surrounding lymph nodes (Figure 
43), This examination can also dif- 
ferentiate tumors arising from mu- 
cosa or deeper layers of gastrointes- 
tinal tract, EUS can also provide 
taking FNAB samples from tumors 
arisen from deeper layer of the gas- 
trointestinal tract with intact overly 
ing mucosa, FNAB from sur 
rounding lymph nodes or pancreatic He 43, EUS mage of evasion of lov 
neoplasms performed under the carcinoma into muscularis pro- 
EUS guidance can more precisely Pi #50-yeer-old male patient 
sess the stage and nature of the tumors. Despite the fact that EUS is an 
invasive procedure, it is a safe procedure (with complication rate less than 
1%) when performed in experienced centers. 


Magnetic resonance imaging 

Magnetic resonance imaging (MRI), also known as nuclear magnetic 
resonance (NMR) imaging, is a noninvasive imaging technique that produce 
three-dimensional (3D) detailed anatomical images of the human body, Due 
to its non-invasive characteristics and high spatial resolution, MRI is one of 
the most powerful imaging tools available in diagnosties of malignant tu- 
mors, Unlike X-ray examination, radioscintigraphy and CT scans, MRI does 
not use damaging ionizing radiation, Instead, MRI uses a strong magnetic 
field (0.2 to 3.0 T) and radio waves to create images. 

MRI uses the body's natural magnetic properties to produce detailed im- 
ages from any part of the body. For this purpose, the hydrogen nucleus (a 
single proton) is used because of its abundance in water and fat. ‘The human 
body is mostly composed of water with different percentage in different 
normal tissues and pathological conditions. Different tissues and pathologi: 
cal conditions also have different amount of fats. A powerful, uniform, ex- 
temal magnetic field employed by MRI stimulates the hydrogen protons and 
spin them out of equilibrium straining against the magnetic field; in other 
words, the magnetic field aligns the "spins" of hydrogen protons, which are 
contained in water and fat molecules. When the magnetic field is tumed off, 
the protons return to their normal spin, a process called precession. The pre- 
cession produces a radio signal that is detected and measured by receivers in 
the scanner and made into an image. ‘The time required for protons to rea- 
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lign, as well as the amount of energy released. is different depending on the 
normal tissue and nature of pathological condition. 

Tissues can be characterized by two different relaxation times: TI (longi- 
tudinal relaxation time) and 2 (transverse relaxation time). The most com- 
mon MRI sequences are T]-weighed and T2-weighed scans (Figure 18.15). 
‘These sequences are part of almost all MRI protocols and demonstrate dit- 
ferent signal intensities in different tissues and pathological conditions. MRI 
sean can also be performed with non-toxic paramagnetic contrast enhance- 
ment agent, gadolinum (Gad), which increases TT signal int. 

Because MRI does not use X-rays or other radiation, 1e used re~ 
peatedly without danger when frequent imaging is required, No evidence 
has been found to suggest that MRI poses a health risk, as it one of the saf- 
est diagnostic procedures available. However, MRI is not recommended for 
women in the first trimester of pregnancy and for people who have electron- 
ic devices or metal objects (bullet fragments, shrapnel, cochlear implants, 
pacemakers, defibrillators, some artificial heart valves, artificial joints, in- 
traocular metallic foreign bodies. etc.) in their bodies. Nevertheless, MRI is 
increasingly being used to image fetuses during pregnancy 

In addition to routine Tl-weighed and T2-weighed sequences used for 
evaluation of malignant tumors. special imaging techniques. such as mag- 
netic resonance (MR) cholangiography. magnetic resonance (MR) spectros- 
copy. etc. are also employed in particular malignant tumors. 

MR cholangiopancreatography (MRCP) is a special non-invasive imag- 
ing technique to visualize the intra- and extrahepatic biliary and pancreatic 
ductal system without use of contrast agent (Figure 16.5). MR cholangi- 
ography is a fast, accurate, noninvasive alternative to ERCP in the evalua- 
tion of biliary tract diseases. MR cholangiography is performed with the use 
of heavily T2-weighed sequences that demonstrate the fluid containing bile 
ducts as high-signal-intensity structures (unlike Tl-wighed sequences, in 
weighed sequences fluid is demonstrated with high-signal intensity). In 
the evaluation of malignant biliary obstruction, its cause and level can be 
evaluated with very high accuracy by MR cholangiography. 

MR spectroscopy has been widely used to detect metabolic changes in 
malignant as well as in normal tissues. Proton MR spectroscopy ('H MRS) 
is most commonly used technique to detect metabolic changes in malignant 
tissues. 'H signal from choline is significantly elevated in cancer tissue that 
is demonstrated to be correlated with cellular proliferation in malignant tu- 
mor. Choline ratios with other metabolites are routinely used to assess can- 
cer aggressiveness. Alteration in the profile of choline compounds is cor- 
related with biological nature of some tumors, including breast and ovarian 
neoplasms; both breast and ovarian carcinoma cells demonstrate higher 
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phosphocholine signal while glycero-phosphocholine signal is predominant 
in nonmalignant breast and ovarian epithelial cells. Not only 'H MRS but 
31P MRS also has been used to detect changes in choline metabolites, such 
as phosphomonoesters and phosphodiesters in cancer, which has been prov- 
en in assessing the response of tumors to anti-cancer treatment. 


Endoscopic examinations 

Endoscopic examination or endoscopy is a nonsurgical diagnostic proce- 
dure providing visually examining the interior of the cavities (peritoneal 
cavity, pleural cavity) or hollow organs (nasopharynx, larynx, bronchi, 
esophagus, stomach, etc.) by a long, thin, flexible tube with a light and cam- 
era attached to it, called an endoscope. Endoscope is also equipped with as- 
pirator (for aspirating content and provide better visual environment) and 
working channel for diagnostic and therapeutic procedures: through work- 
ing channel biopsy forceps and snares are directed to collect samples for his- 
topathologic examination. 

On endoscopy, the interior of the cavities and hollow organs can be 
viewed directly on a color TV monitor and color photographs of the inside 
of the body can be taken. There are different types of endoscopic procedures 
that examine different parts of the body. requiring different devices. On en- 
doscopic examinations that examine hollow organs, the endoscope is passed 
into the body through the natural openings, such as mouth, anal verge, ete. 
‘On the endoscopic procedures that examine the cavities (laparoscopy, thora- 
coscopy), artificial openings are created with small surgical incision through 
that the endoscope is inserted into the 

The following types of endoscopies is performed for diagnosis of malig- 
nant tumors in hollow organs: nasopharyngoscopy, laryngoscopy, bronchos- 
copy, esophagogastroscopy (upper gastrointestinal endoscopy), duodenos- 
copy, colonoscopy, cystoscopy, colposcopy, hysteroscopy (Figures 11.3, 
12.6, 13.4, 14.11, 17.15). These endoscopic procedures not only provide 
viewing the premalignant lesions and malignant neoplasms, but also enables 
obtaining biopsy samples for histopathological diagnosis. 

Traditionally, small bowel could not be examined by endoscopy. For this 
purpose, initially a capsule endoscopy was applied: a small capsule, which 
is in size of a large vitamin pill, is swallowed and with a wireless camera 
placed inside it takes pictures as it travels through the small bowel. Images 
are transmitted to a recording device wom on a belt around the waist. The 
recorder saves the taken pictures for a specialist to look at and interpret later 
time. The disadvantage of this way of endoscopy is impossibility of obtain- 
ing biopsy samples from detected lesions. Recently employed new tech- 
nique of endoscopy, called double-balloon enteroscopy (push-and-pull ente- 
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roscopy) allows complete visualiza- 
tion of the small bowel using the 
oral and anal approaches, biopsy 
and treatment in it, After the endo- 
scope is passed into duodenum, a 
more rigid overtube is passed over 
the endoscope to straighten its path 
With the help of the overtube, the 
enteroscope then can be advanced 
Without coiling in the stomach 
Special endoscopic technique 
called chromoendoscopy that uses 
dye-spaying during endoscopic pro- 
cedure to highlight early changes in 
mucosa to detect premalignant con- 
ditions and early carcinoma. This 
type of endoscopy enables to in- 
crease the detection rates for various 
premalignant pathological conditions. 
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Figure 4.4 View of diminutive adenoma- 
tous polyp on digital  chromoendoscopy. 
Rath T, Tontini GE, Nagel A, et al. High- 
definition endoscopy with digital chromo- 
endoscopy for histologic prediction of distal 
colorectal polyps. BMC Gastroenterolo- 
«gy, 2015; 15: 145. Available under the CC 
BY 40 license 


Chromoendoscopy is frequently used 


in surveillance of the esophagus for Barrett’s esophagus, the colon for ade- 


nomas or dysplasia in case of in- 
flammatory bowel disease. Within 
the recent years, dye-less chro- 
moendoscopy (DLC) techniques are 
rapidly evolving allowing character 
ization of the tissue in real-time 
without the requirement of tradi- 
tional dye-spraying. DLC includes 
optical and digital chromoendosco- 
py (Figure 4.4). 

A. special form of endoscopic 
procedure called endoscopic retro- 
grade — cholangiopancreatography 
(ERCP), a combination of fluoros- 
copy and duodenoscopy, is a com- 
plex procedure that enables to diag- 
nose tumors (or other diseases) of 
panereatobiliary (Figure 
4,5), take biopsy from them and 
place stent in case of malignant bili- 
ary obstruction, 


system 


Figure 4.5. ERCP showing a short segmen- 
tal stricture (arrow) representing cholangio- 
carcinoma of the common bile duct. Hen- 
nedige TP, Neo WT, Venkatesh SK, Imag- 
ing of malignancies of the biliary tract-an 


update. Cancer Imaging, 2014, 14: 14 
Available under the CC BY 4.0 license 
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Endoscopy also allows excising premalignant lesions and early cancer 
with endoscopic mucosal resection or endoscopic resection with submucosal 
dissection. 

Endoscopy also enables to perform palliative procedures for malignant 
obstruction or benign anastomotic stricture after radical-intent surgery such 
as endoscopic stenting, endoscopic dilatation using balloons or bougies. 


Biopsy 


Biopsy is a procedure, during which tissue samples from neoplasia found 
on the basis of physical examination or other imaging tests are obtained, Bi- 
opsy is a crucial diagnostic procedure for planning treatment strategy for 
cancer patients. In other words, unlike other tests, which can only suggest 
the presence of malignant tumor, biopsy confirms or exclude the diagnosis, 
Biopsy samples may be taken from primary tumor, regional (or sentinel) 
lymph node or metastatic site depending on the findings, location and cli 
cal stage of primary tumor. During biopsy, small amount of tissue is ob- 
tained to examine under a microscope. Depending on the location of tumor, 
different amounts of tissue may be needed for that sometimes surgery is re- 
quired. Thus. different types of biopsies are performed depending on the 
location of tumor. 

During a shave biopsy, tissue samples are obtained from skin surface us- 
ing a sharp tool. During a punch biopsy. tissue samples are taken from deep- 
er layer of the skin (below the skin surface) inserting a sharp, circular tool 
into the skin. 

A smear from exfoliated epithelial surface can be used in patients with 
suspected cervical carcinoma (Pap smear). A bronchial washing can be 
helpful in diagnosing of lung carcinoma, 

‘A brush biopsy is a technique that is mostly used to collect cells from 
deeper layer of mucous membrane of the oral cavity. For obtaining tissue 
samples, a special brush biopsy instrument is used. This type of biopsy is 
jue samples from the biliary tract (under the guidance 


A fine-needle aspiration biopsy (FNAB) is used for a mass that is felt 
through the skin (with palpation) or as an image-guided biopsy when a tu- 
mor is located deeper or in intemal organs (e.g., the lung, liver, pancreas), 
This type of biopsy is performed by a thin, hollow needle attached to a sy- 
ringe that collects a small amount of tissue from the suspicious area. FNA is 
performed easily and provides a specimen that is often sufficient for rapid 
and accurate diagnosis. Nevertheless, reliability of FNAB certainly depends 
on the tissue and type of the lesion. Aspiration biopsy can also provide ob- 
taining body fluid (cerebrospinal, pleural, peritoneal) in order to detect ma- 
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lignant cells (or exclude their presence), and thereby, determine the correct 
stage of the disease in patients with malignaney. 

Core needle biopsy is performed by a larger needle to obtain larger tissue 
samples. This type of biopsy is similar to FNAB and is also minimally inva- 
sive diagnostic procedure. 

During a vacuum-assisted biopsy, a suction device is used to collect tis- 
sue samples through a specially designed needle. 

During an incis/onal biopsy, small pieces of tissue are taken from a visi- 
ble lesion (directly with the necked eye or endoscopically), During an exci- 
sional biopsy, the entire suspicious area is removed. This type of biopsy is 
commonly performed for small cutaneous lesions or enlarged lymph node 
suspicious of lymphoma or metastasis (including SLN) and can provide 
with better tissue sample for more precise examination, 

‘The concept of the sentinel lymph node (SLN), as Morton first described it in 1990, has 
‘emerged as a potential solution to the debate aver elective node dissection. The SLN is 
‘the first lymph node on orthograde (normal) lymph flow from a tumor. Occasionally, 
there is more than one SLN. Theoretically, malignant cells must pass through the SLN 
before continuing on to next-station regicnal lymph nodes, Thus, if SLN contain Iymphat- 
ic metastasis, this indicates that the other lymph nodes may be involved. If SLN does not 
contain metastasis, other lymph nodes are not likely involved in lymphatic metastasis 
Therefore, by sampling the SILN, the surgeon can detect the earliest evidence of regional 
disease in cases of clinically negative nodal involvement. 

‘The techniques of biopsy and examination of the SLN have evolved rapidly over the 
‘past few years. In the current technique, tracer material or harmless blue (isosulfan blue, 
‘methylene blue) dye is injected at the periphery of the tumor. Lymphatic low delivers the 
tracer material or blue dye to the SLN. During preoperative or intraoperative lymphoscin- 
tigraphy, handheld gamma probe is then used to define the first lymph node(s) draining 
the tumor. When blue dye is used just before the surgical procedure to Jocate SNL, these 
nodes are stained bright blue. These nodes are excised and dispatched for pathologic 
evaluation (frozen section). In patients with pathologically positive SLNs, adequate extent 
of lymph nodal dissection is performed. 

Bone marrow aspiration and biopsy are performed to examine the bone 
marrow. These two procedures are similar and often executed at the same 

time, A bone marrow biopsy provides obtaining a sample of the liquid part 
of the bone marrow (bone marrow has both a solid and liquid parts). During 
a bone marrow biopsy, a small amount of solid tissue is obtained using a 
needle, A common site for a bone marrow aspiration and biopsy is the pel- 
vie bone. 

Liquid biopsy is a minimally invasive procedure that can test a blood 
sample for cancer cells. ‘This type of biopsy is still new, and more research 
are required to leam about its diagnostic benefits; therefore, for now, this 
procedure is not used for most cancer patients. 

Some of the described biopsy techniques can be conducted via image- 
guided (under the guidance of US, fluoroscopy, CT, or MRI) or endoscopi- 
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cally, depending on the location of tumor. Biopsy samples can also be ob- 
taining via laparotomy, especially in patients with suspicious small intestine 
lymphoma, 


Histopathologic examinations 


Not uncommonly, macroscopic features alone are sufficient to suggest a 
final diagnosis. For example, darkly colored bone (mandibular) mass from a 
child is macroscopically typical of a pigmented PNET. Careful inspection of 
the lesional borders is important, that should not be violated before they can 
be examined adequately by pathologists. For example, for some types of 
follicular thyroid lesions and thymic neoplasms, a tumor is diagnosed as 
malignant rather than benign on the basis of whether it penetrates capsular 
boundaries: therefore, receipt of a partial specimen in the gross pathology 
prevents proper examination of the lesion. 

‘Also imperative is that the pathologist examine the entire resected tumor 
before it is subdivided for other purposes (¢.g., before a portion of neoplasm 
is sent to a research laboratory for investigational purposes). 

‘The light microscopy remains the mainstay of the pathologic examination 
of tumors. The use of the traditional hematoxylin and eosin (H&E) staining 
method on paraffin-embedded tissue sections is sufficient for diagnosis in 
most malignant tumors. It should be noted that certain clinical procedures 
(e.g. vigorous compression of tissue specimens during endoscopic biopsy 
or extensive use of electrocautery during resection) may damage tissue se- 
verely, thereby, may reduce the accuracy of this method. The accuracy of 
routine light microscopy also greatly depends on whether the specimen has 
undergone proper preparation and processing. During histopathologic exam- 
ination, tissue growth pattems, the degree of cellular differentiation, and de- 
tails relating to prognosis (e.g., resection margins) are evaluated. 

For several potential reasons, the interpretation of biopsy or resection 
specimens may be uncertain. For example, radiotherapy or chemotherapy 
often alter the pathologic characteristics of the tissue, or crush or cautery 
may distort tissue architecture. In addition, the accuracy of the histopatho- 
logical interpretation depends on whether the evaluated tissue is a represent= 
ative sample of the entire lesion. Another especially important sources of 
uncertainty are so-called borderline malignancies (epithelial, mesenchymal 
‘or melanocytic), which, by their very nature, are characterized by mi 
difference in microscopic features from their benign counterpart. 

After histopathologic examination, a written report is issued for the spec- 
imen that includes the tumor type, grade and any additional information that 
can be used by clinician to assess the stage of tumor and prognosis, or to 
plan further treatment options, 
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In some cases, intraoperative microscopic consultation, which is also 
called frozen section procedure, is needed for assessing surgical margins. It 
is a quicker method of histologic examination, taking approximately 10-15 
minutes to accomplish the entire procedure, including thorough histologic 
study, Despite the inferior microscopical preparations yielded by this meth- 
od and the low accuracy of frozen-section diagnosis, this method is of a 
great practical value in clinical situations that require an immediate answer 
to questions affecting theray en the fact that histopathologic interpreta- 
tion of frozen sections is technically restricted and more difficult than diag- 
nosis using formalin-fixed paraffin-embedded tissues, frozen-section con- 
sultation has specific indications. On the whole, these indications include 
tissue identification; determination of the presence of a lesion and its nature: 
confirmation that excised tissue is sufficient for diagnosis; determination of 
metastasis (including in SLN); and assessment of the adequacy of surgical 
margins. Despite the fact that the accuracy varies depending on the tissue 
type, it is reported to be in the range of 94% to 98%, Because frozen-section 
diagnoses often have a significant influence on a surgical procedure being 
fulfilled, intraoperative microscopical consultations must be used wisely by 
both surgeons and pathologists. 

For diagnosing and staging malignant tumors, frequently cytopathologic 
examination is employed. Cytopathologic examination is a practice of mor- 
phological examination of individual cells and clusters of cells. Specimens 
for cytopathological study is collected in three main ways: exfoliation from 
an epithelial surface (¢.g.. cervical smear obtained with a spatula or brush; 
bronchial washings or brushings); aspiration of fluid from body cavities 
(e.g., cerebrospinal fluid, pleural fluid, peritoneal fluid); and fine-needle as- 
piration (FNA) of cysts and neoplasms (from most organs). After collection, 
the cytological sample is spread on the glass slide, is fixed and stained; a Pa- 
panicolaou stain often yields greatest clarity of nuclear detail, but a Roma- 
nowsky stain often produces better cytoplasmic detail. It should be noted 
that special investigations (e.g., routine histochemistry, immunohistochemi- 
stry, static cytometry) also may be carried out on cytologic specimens. 

The cytomorphologic evaluation of possible malignancy is predicated on 
a systemic assessment of each cellular compartment and of intercellular re- 
lationship and overall background. Cytopathologic examination has a high 
degree of reliability when morphologic interpretations are performed by ex- 
perienced, well-trained specialists. The most helpful nuclear changes for a 
diagnosis of malignancy include anisonucleosis (marked variation in nuclear 
size [>4:1] and shape), irregular chromatin distribution, hyperchromasia, 
abnormal nucleoli, and abundant and abnormal mitosis. The most helpful 
cytoplasmic changes indicating malignancy are significant increase in the 
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volumetric nucleus-to-cytoplasmic ratio and tight molding of the cell mem- 
brane around the nucleus. Anisocytosis (marked variation in cellular size 
and shape) and decreased cohesiveness are abnormalities of intercellular 
relationship indicative of malignancy, The presence of so-called tumor 
diathesis (consisting of inflammatory cells, erythrocytes, and cellular debris) 
is a background features strongly suggestive of invasive malignane 

In approximately 10% of malignant cases, routinely evaluated micro- 
scopical features are insufficiently conclusive for an accurate diagnosis. It is 
because some malignant tumors with different cell of origin may have simi- 
lar histological features, mandating the use of special pathologic procedut 
such as histochemical staining. immunohistochemical studies, electron mi 
croscopy (EM). etc 

Histochemical staining uses different chemical dyes that are attracted to 
certain substances presenting in some types of malignant cells. For example, 
the mucicarmine stain is attracted to mucus and droplets of mucus inside a 
cell that are exposed to this stain get pink-red under a microscope. This stain 
is useful if the pathologist suspects, for example, an adenocarcinoma in a 
lung biopsy. Lung adenocarcinomas ean produce mucus; detection of pink 
red spots in lung cancer cells indicate that the diagnosis is adenocarcinoma. 
Histochemical staining is performed on paraffin-embedded tissue; therefore, 
often it does not require the extra time and expense of many of the more 
specialized pathologic diagnostic procedures (e.g... EM or flow cytometry). 
These tests are also helpful in differentiating chronic inflammatory condi- 
tions from malignant tumors using other special stains to identify microor- 
ganisms (bacteria and fungi) in tissues. It should be noted that the wide- 
spread application of immunohistochemical stains has limited the usefulness 
of many histochemical stains and has rendered others obsolete. 

Immunohistochemical staining is based on direct, antibody-antigen bind- 
ing method known in common parlance as the immunoperoxidase proce- 
dure. The basic principle of this study is that an immune protein (antibody) 
attaches itself to an antigen that are on or in a cell. Each type of antibody 
recognizes and attaches to antigens that fit it accurately, Certain types of 
normal cells and malignant cells have unique antigens that attract the anti- 
body that fits them. With few exceptions, antigens that are the targets of 
immunohistochemical stains are not absolutely tissue- or tumor-specific. 
‘Therefore, pathologists must use panels of the primary antibodies, which 
largely depend on the site and clinicopathological features of the tumor. 

‘To find out if the antibodies have been attached to cells, a dye is precipi- 
tated at the site of antibody binding. The peroxidase enzyme that is a com- 
ponent of the avidin-biotin-horseradish peroxidase complex used in this di- 
agnostic procedure, catalyzes an oxidation-reduction reaction of a dye, 
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thereby, highlights the presence of the antigen of interest, which can be vis- 
uatized at a light-microscopical level. It should be noted that immunohisto- 
chemical staining can be carried out with fresh, frozen or paraffin-embedded 
tissue material 

Electron microscopy reveals much more information on malignant cell 
structure that can be obtained with optical microscope, which can be useful 
for accurate diagnosis. Despite transmission EM and light microscope oper- 
ate on the same basic principles, there are great difference between the two. 
‘The main difference is that transmission EM uses electrons to visualize 
specimens unlike optical microscope due to that highly magnifies the imag- 
es, Transmission EM can magnify objects up to 2 million times due to 
smaller wavelength of beams of electrons (compared to light wavelength), 
Whereas light microscope can magnify up to 2.000 times 

EM is carried out after tissue is processed in special fixative, is embed- 
ded in special epoxy resin, is sectioned thinly (<0.1 mm), and is impregnat- 
ed with heavy metals. These heavy-metal stains enable differential absorp- 
tion of a focused electron beam through the specimen en route to specialized 
photographie film. 

Due to very high magnifying capability, transmission EM has become 
very valuable tool of investigation in biological and medical fields. The high 
resolution of EM is highly useful for detecting minimal changes in cells and 
tissues that may not be seen on light microscopy. Electron microscopy is 
usually requested after immunohistochemical staining has been performed 
and found to be insufficient, but there are occasions when ultrastructural 
study is logically the first choice after routine light microscopy. Despite 
higher resolution capabilities of three-dimensional EM (3DEM) in compari 
son with scaming EM (SEM) and transmission EM, has found footing in 
life sciences only in the last decades, and it is not routinely used in diagnos- 
tics of malignant tumors. However, with the use of 3DEM different hall- 
marks of tumorigenesis can be identified, enabling distinction between nor- 
mal and malignant cells. 

Flow cytometry is a technique that allows for the rapid quantitative 
measurement of cellular characteristics, such as size, shape, surface marker 
expression, and DNA content within a heterogeneous population of cells, In 
other words, flow cytometry data are extremely quantitative and can be 
comprehensively analyzed by specific flow cytometry software programs. 
Flow cytometric analysis of tumor is carried out to identify cellular subpop- 
ulation within a particular histological tumor type already stratified by stage 
and grade. Characteris these subpopulations are not evident on rou- 
tine histopathologic examination, but their identification correlate with 
prognosis or response to anticancer treatment. 
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The principle of flow cytometry is as follows, A monodispersed cell 
sample is stained with appropriate fluorochromes and then is suspended in a 
saline and passed through a flow chamber, a narrowing channel to align the 
stream of cells so that each cell within the sample moves across the laser 
beam, allowing each cell to be individually analyzed. The scattered laser 
beam from each cell is separated according the wavelength by appropriate 
filters and mirrors and are directed to detectors that convert the emissions 
into electronic signals that are analyzed and stored by a computer. The data 
can be displayed as a frequency histogram for a single parametric analysis, 
or as a scattergraph for multiparametric analysis. 

Single-cell suspensions, such as peripheral blood or bone marrow, can be 
analyzed in vivo and easily by flow cytometry. Solid tissues, including 
lymph nodes and solid tumors, require additional preparation (enzymatic, 
detergent. or mechanical processing) to obtain monodispersed sample, sin- 
gle cell suspension. Methods have been developed also for analysis of sin- 
gle-cell suspensions derived from formalin-fixed paraffin-embedded archiv- 
al tissues. 


Genetic and genomic testing 


Genetic and genomic tests, through analyzing genetic alterations and ge- 
nomic abnormalities, may be helpful in diagnosing some malignant tumors. 
differentiating their subtypes, choosing the most effective treatment ap- 
proach and predicting treatment outcomes. Genetic testing is used to deter- 
mine hereditary genetic alterations, but genomic testing is employed to iden- 
tify sporadic mutations within cancer cell itself. In general, three categories 
of testing (cytogenetic testing, molecular testing, and biochemical testing) 
are available to detect abnormalities in chromosome structure, DNA se- 
quence, and protein function, respectively. 


Cytogenetic testing 


Cytogenetics is a study of chromosome structure, abnormality and fune- 
tion. Cytogenetic tests detect whether the cancer cells have abnormal chro- 
mosomes, So, cells of some malignant tumors have one or more abnormal 
chromosomes that occurs as a result of sporadic events or hereditary condi- 
tions. For many types of cancer (of lymphomas. leukemias, and sarcomas) 
cytogenetic studies are crucial for accurate diagnosis as well as the most ef- 
fective treatment selection. So sometimes this testing can help predict the 
most effective chemotherapeutic agents and response to chemotherapy. 

For cytogenetic testing, cancer cells from bone marrow aspirate, lymph 
node, or other tissue bioptates, if dividing cells are available, are grown in 


2 


Bayramov RB ‘Textbook of Oncology 


probe with 
Muorescent label 


inal DNA nee 
double-stranded DNA 
i —* 0 nen 


ome 
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laboratory dishes for about two weeks before chromosomes in them can be 
investigated under the microscope. Chromosome preparations for cytogenet- 
ic analysis can also be made directly from tissue samples (¢.g., bone mar- 
row, testis, neoplastic tissue). The methodology of this study involves ac- 
cumulation of metaphase cells using colchicine (for synchronizing cells at 
the mitotic stage of cell division) and fixation on glass slides. It is critical to 
use the correct sterile containers when dispatching biopsy samples to the 
cytogenetic laboratory to ensure that the cells remain viable and suitable for 
cell culture. Tissue preserved in a fixative is not suitable for making conven- 
tional chromosome preparations. 

Fluorescent in situ hybridization (FISH) is a special technique, which 
vividly labels chromosomes or portions of chromosomes with fluorescent 
molecules to identify numerical and structural abnormalities (e.g., inser 
tions, deletions, translocations, amplifications) in them, including submicro- 
scopic copy number changes. By using more than one probe at once, one 
can see if the probes are located in their normal positions or if they have 
moved to a new location on a different chromosome, or if there are more or 
fewer copies of a probe than in a normal cell (Figure 4.6). FISH is common- 
ly used to identify specific chromosomal rearrangements associated with 
malignant disease such as chronic myelogenous leukemia (BCR/ABLI 
1(9:22)), B-cell lymphoma (IgH/BCL2 1(14:18)) and Ewing sareoma 
(EWS/FLII (11:22). In addition, FISH is one of the tests used to identify 
increased copy number (amplification) of the HER2 gene in breast carcino- 
ma, An advantage of FISH over cytogenetic testing is that it does not re- 
quire cells to be divided actively and therefore, in can be carried out in both 
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the interphase and metaphase of the cell cycle, In addition, FISH has over- 
come many drawbacks of karyotyping, such as low specimen cell yield, low 
mitotic index, poor quality metaphases, etc. It should be noted that paraffin- 
embedded tissue sections ean be used for FISH. 


Molecular genetic tests 


For checking for smaller changes in a gene (mutations) that may increase 
a person's risk of developing cancer, molecular genetic testing can also be 
used, These tests can detect both germline mutations (in any cell of the 
body. including cancer cells) that determine a person's risk for developing 
cancer or sporadic mutations in cancer cells that drive carcinogenesis and 
determines the clinico-biological behavior of cancer cells, and determine 
their response to anticancer therapy. Therefore, these tests may also be used 
to help plan treatment, predict how well treatment will be working, ete. Dif- 
ferent molecular genetic tests are used for this purpose. 

Polymerase chain reaction (PCR) is a commonly used procedure em- 
ployed to amplify targeted segments of DNA through repeated (25-35 
times) cycles of denaturation (heat-induced of double-stranded DNA into 
two single strands at 94-96° C), annealing (binding of primers of the target 
segment to template DNA strand at 55-60° C). and extension (extension of 
the primer sequences to form new copy of template strand at 72° C, which is 
optimum for DNA polymerase activity) (Figure 4.7). At the end of the reac- 
tion, the amplified product is tested using gel electrophoresis to detect the 
presence ofa mutation or polymorphism. The PCR-product can be visua- 
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lized directly by staining the gel with ethidium bromide or more recently 
introduced dyes, such as BlueView, which is a quick and safe alternative to 
ethidium bromid 

‘To test genetic material, some type of samples from the body is required, 
Which can be blood, saliva, bone marrow, hair, body tissue (including can- 
cerous tissue), ete, 

Based on the results of PCR, sometimes it is possible to predict the clini- 
co-biological behavior of the cancer and its response to anticancer treat- 
ment. 

DNA sequencing is the process of determining the sequence of nucleo- 
tides (A, T, C, and G) called "basis", that make up the DNA molecule, in a 
piece of DNA. Sequencing allows to determine if a gene or the region that 
regulates a gene, contains alterations (mutations), variants (polymorphism) 
linked to a disorder. 

For many years, Sanger sequencing, the original technique of sequenc- 
ing, has been the gold standard for clinical DNA sequencing to look at sin- 
gle genes of a few genes at a time. In Sanger sequencing, multiple copies of 
the target DNA are produced that are complementary to a single-stranded 
template of interest using fluorescent nucleotide-specific chain terminators, 
or dideoxynucleotide triphosphates (ddATP, ddTTP, dCTP, ddGTP) that 
mark the end of the fragments. In other words, this technique is based on 
‘marking cach terminating DNA nucleotide with a different colored fluores- 
cent dye. Then by “reading” the terminating base of the synthesized copies 
of varying length from the smallest to the largest, the sequence of the origi- 
nal single-stranded template is revealed (Figure 4.8). This is the same tech- 
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Figure 48, Schematic description of Sanger sequencing, 
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nique that was employed in the Human Genome Project. Sanger sequencing 
is revolutionary and reliable, but it can only read one short section of DNA 
at a time, and, hence, is time consuming and labor intensive. It should be 
noted that when the Human Genome Project was finalized in 2003, it took 
over a decade to complete the sequence of a single person's genome using 
Sanger sequencing, 

Nowadays, there are much faster sequencing techniques that can fulfil 
the same task in a few days. These techniques are collectively called next- 
generation sequencing (NGS), which revolutionized genetic sequencing ca- 
ability. These techniques can sequence millions of DNA fragments at the 
same time, NGS techniques can be used to determine DNA sequence of the 
20.000 to 25.000 (an estimated 22.000) genes that code for known proteins. 
‘Thus, NGS applies the concept of Sanger sequencing to an entire genome 
With results produced within few hours. 

‘The protein-coding sections are called exons and all of them together are 
called the exome. Both the protein-coding and protein-non-coding regions of 
all the genes, along with the areas between the genes, are called the genome. 
When NGS is used to evaluate the entire exome (about 1.5% of the full ge- 
nome) or genome, it is called whole exome sequencing or whole genome se- 
quencing. respectively. It should be noted that exome contains up to 85% of 
the variants that have been demonstrated to cause genetic disorders. some of 
which are associated with an increased risk of developing malignancies. It is 
likely that many of the variants in non-protein-coding regions of the genome 
also play a significant role in genetic disorders associated with increased 
oncologic risk. 

NGS is widely available now and many academic and commercial labor- 
atories use NGS for medical and oncologic purpose. 

Gene expression microarray is a technique to detect the expression of 
thousands of genes from one sample at the same time. To perform a micro- 
array analysis, mRNA molecules are collected from a trial sample and a ref- 
erence sample, For example, the trial sample could be obtained from an in- 
dividual with cancer, the reference sample from a healthy individual. The 
two mRNA samples are then used to generate complementary DNA 
(cDNA) by reverse transcription polymerase chain reaction (RT-PCR) and 
cach sample is labeled with fluorescent probe of a different color, ‘The two 
samples of CDNA are then mixed together and allowed to bind to the DNA. 
probes on the microarray slide: this process is called hybridization. After 
hybridization, the microarray is scanned to measure the expression of each 
gene printed in the slide. The resulting pattern of fluorescence is examined 
and interpreted. Depending on whether a particular gene is expressed higher 
in the trial sample or in the reference sample, the spot on the microarray ap- 
pears the same color of the fluorescent probe that labeled the corresponding 
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sample. If there is equal expression of a particular gene in two samples, the 
spot appears another mixed color. The data gathered via microarrays can be 
used to create gene expression profiles (GEP). The result can demonstrate 
which genes are active or turned off in tumor cells. This information can 
sometimes help predict a response to anticancer therapy or prognosis of a 
patient with malignant tumor. 


Biochemical testing 


Loss of function of genes can also be determined by activity (of en- 
zymes) or the size (or quantity) of proteins (structural proteins) that are cod- 
ed by appropriate genes. In oncologic practice, the proteins can be assessed 
in tumor tissue by immunohistochemistry. For example, deficient mismatch 
repair (MMR) in tumor cells, that can occur hereditarily or sporadically 
due to mutations in MMR genes, can be assessed by immunohistochemical 
staining for the four MMR proteins (MLH1, MSH2, PMS2, MSH6). Trun- 
cated APC protein, that occur in colorectal adenomas and carcinomas due to 
inherited or sporadic APC-mutations, can be detected by immunohistochem- 
istry. 


Laboratory tests 


In conjunction routine laboratory tests (complete blood cell count, com- 
prehensive metabolic panel) some other specific laboratory tests may also be 
conducted in patients with suspected cancer. Routine laboratory tests not 
only assess the functions of some vital organs (the bone marrow, liver, kid- 
ney), they can also give a clue for evaluating nutritional status of the pa- 
tients, the average stage of the disease, the presence of newly initiated or 
subclinic complications accompanying the tumor, ete. Samples for specific 
laboratory tests may include blood, feces, urine, other body fluids for tumor 
markers, abnormal cells or other components (chemicals). It should be noted 
that there is a wide range of tumor markers (e.g., CA 15-3, CA 27-29, CEA, 
CA 19-9, CA 125, AFP, PSA, ete.), which are helpful for diagnosis of ap- 
propriate tumors, but are neither specific, 

Laboratory tests may also helpful for determining precancerous condi- 
tions. For example, low level of vitamin B12 in the blood or presence of in- 
trinsic factor antibody (IF antibody) in the blood is indicative of pernicious 
anemia, which is considered a precancerous condition for gastric cancer and 
associated with very high risk of developing gastric carcinoma and gastric 
neuroendocrine tumors. HemeSelect test that detects guaiac-based fecal oc- 
cult blood (immunochemical test specific for human hemoglobin) have high 
sensitivity (75%) for asymptomatic colorectal adenoma >10 mm in size. 
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As stated above, nutritional status of cancer patients can be assessed by 
laboratory tests, Nutritional status can indirectly reflect the aggressiveness 
of tumor, its extent and malnutrition, Serum albumin level is an indirect pa- 
rameter for assessing nutritional status of cancer patients. 

In some patients, laboratory tests can reveal subclinic complications ac- 
companying malignant tumors. Iron deficiency anemia in patients with gas- 
trointestinal tract cancer is indicative of bleeding (obvious or occult), 
normochromic anemia observed in cancer patients may be indicative of per~ 
sistent malnutrition or extensive disease, Elevated bilirubin level in blood in 
patients with gastric antrum cancer may be indicative of local extended dis- 
ease with invasion into the pancreatobiliary structures. 

Laboratory tests also may be used to screen or to determine high-risk pa- 
tients. AFP testing is used for hepatocellular carcinoma screening or PSA 
employed for prostatic carcinoma screening in high-risk patients. 

Laboratory test may also be used to assess the aggressiveness of the dis- 
ease, International prognostic index for non-Hodgkin lymphomas (IPI, MI- 
PI, FLIPI) includes also serum LDH levels to predict outcomes in patients 
with aggressive lymphoma. Higher LDH level is associated with aggressive 
lymphomas and low response to chemotherapy. 

Sometimes, laboratory tests are also important to determine optimal 
treatment options or assess the response to anticancer therapy. No signifi- 
cant decrease in tumors marker levels in some malignant tumors following 
chemotherapy may urge to optimize treatment approach. Laboratory tests 
are also used to assess the response of cancer to treatment, In patients with 
ovarian carcinoma, decrease in CA 125 level to normal range after chemo- 
therapy may indicative of cure regardless of radiographic evidence of persis- 
tent disease 

Laboratory tests may also be helpful for determining cancer recurrence 
Decreases to normal range of elevated tumor marker levels after radical- 
intent surgery may confirm the radicalism of the surgery for the particular 
tumor. In follow-up period, elevation of those markers without radiographic 
evidence of recurrence may be the sign of recurrent disease (biochemical 
recurrence), that probably cannot be detected by imaging studies. For this 
purpose, in patients undergone radical prostatectomy, PSA test should be 
performed at intervals (every 3-4 months for the first two years, every 6 
months for the second and third years, and annually thereafter), 


SCRENING TESTS 


Cancer screening means searching for cancer in people who are at high 
risk for developing malignancy before symptoms appear, when cancer may 
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be easier to treat and associated with better outcome. Theoretically, sereen- 
ing can detect malignant tumors at earlier stages than patients are checked 
due to appropriate symptoms or signs, which is confirmed by results of ap- 
propriate studies. It is also confirmed that earlier-stage cancers have better 
outcomes compared with more advanced diseases. ‘Therefore, screening can 
be one of the very effective tools for improving survival of cancer patients. 

Cancer screening is currently considered for a few malignant tumors. In 
general, the following questions are asked in the determination of whether 
to sereen a particular population for a given type of cancer 
* Is the cancer an important health problem for a particular population, as 

measured by morbidity, mortality, and other measures of disease burden; 
* Does the malignancy have a detectable preclinical phase: 

* Does treatment of cancer detected at preclinical phase of the disease offer 
benefits compared with treatment after the onset of clinical symptoms; 

* Does the screening test demonstrate high accuracy in detecting of disease 
and is acceptable in terms of cost; 

= Is the screening process acceptable to individuals at risk and their health 
care providers? 

Several cancer screening tests are considered effective and recommended 
by expert groups. These cancers include breast carcinoma, cervical carci- 
noma, colorectal carcinoma, lung carcinoma, ete. Depending on cancer type, 
different imaging or endoscopic studies, or laboratory test are used for 
sereening: for screening for breast carcinoma, screening mammography is 
carried out along with clinical breast examination; for cervical carcinoma 
screening. HPV tests and Pap tests (alone or in combination) are used: for 
colorectal carcinoma screening. high-sensitivity fecal occult blood tests (fe- 
cal immunochemical tests), stool DNA test and flexible sigmoidoscopy are 
executed; for lung carcinoma screening, low-dose helical CT scan is used, 

Screening tests should be characterized by high sensitivity (true positive 
rate) and specificity (true negative rate). Nevertheless, these tests may ap- 
pear to be false-positive and false-negative. Screening tests characterized by 
high rate of false-positivity can cause anxiety and is usually followed by 
more tests and procedures, which may be risky, highly time- or cost 
consuming. Screening tests characterized by high rate of false-negativity 
may delay seeking medical care even if the cancer is beyond the early stage 
of tumor progression, 

Some previously used screening tests are no longer routinely recom- 
mended by expert groups. For example, PSA is currently not recommended 
because many prostate carcinoma cases detected with PSA testing are not 
lethal, and early detection and treatment of such eases has not been demon- 
strated to reduce the risk of dying from prostate carcinoma. 
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According to meta-analysis conducted by us, screening may potentially 
improve survival of patients with any non-metastatic stage cancer. In other 
words, cancer detected at any resectable stage due to screening may have 
better outcome compared with that at the same stage diagnosed due to 
symptoms of the disease when patients seek medical care. It can be success 
fully explained by the phenomenon called "effect of the proportion of early- 
stage cancer" proposed by us. According to this theory, higher proportion of 
early-stage cancer may potentially improve survival in patients with any 
non-metastatic resectable stage (stage II and II]) cancer in the given popula- 
tion. 
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‘THE GENERAL PRINCIPLES OF THE TREATMENT OF 
MALIGNANT TUMORS 


As stated in previous chapters, malignant tumors are local diseases 
(without lymphatic and hematogenous metastasis) up to certain point of 
their development, from that to another point are regional diseases (with 
lymphatic metastasis, but without hematogenous metastasis), from the next 
point are systemic diseases (with hematogenous metastasis). Local or re- 
gional disease has different levels of locality (different T subcategories) or 
regionality (different N subcategories). respectively, which have different 
risk of being associated with subclinic (occult) distant metastasis. In other 
words, the higher T subcategory, the greater the risk for lymphatic and hem- 
atogenous micrometastases; the higher N subcategory, the greater the risk 
for hematogenous micrometastasis. From clinical point of view, systemic 
disease can also have different levels: with solitary metastasis, with oli- 
gometastasis, and extensively disseminated disease. 

‘The main requirement for cure of patients with malignant tumor is com- 
plete eradication of cancer from the body. For achieving this, several con- 
ventional treatment modalities have been developed and used: surgery, radi- 
ation therapy and chemotherapy, which have local (surgery, radiotherapy, 
chemotherapy), regional (surgery, radiotherapy, chemotherapy) and system- 
ic (chemotherapy) effects. These modalities can be used alone or in combi- 
nation with other modalities, depending on the stage of the disease. ‘The 
fore, when choosing treatment options, it must be taken into consideration 
Whether the cancer is local disease, or regional disease, or systemic disease, 
‘The likelihood of occult metastasis based on T and N subcategories should 
also be taken into account when planning treatment strategy. For example, 
‘TINOMO gastric cancer is a local disease, and surgery alone (without neoad- 
juvant or adjuvant chemotherapy) is adequate because it has very low risk of 
being associated with hematogenous occult metastasis. But T3NOMO gastric 
cancer requires neaodjuvant and/or adjuvant chemotherapy before and/or 
after radical-intent surgery (although it is also a local disease) because such 
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patients have great chance of having distant micrometastasis. Although, in 
the latter case, surgery with lymph node dissection is used to provide lo- 
coregional control, which can hardly ensure cure in such patients without 
systemic therapy. 

Optimal locoregional control of cancer implies treatment of the local dis- 
ease and any regional spread that may be present. Whether the surgery or 
irradiation is used for this purpose, a margin of normal tissue is included in 
the treatment plan to ensure total eradication of the tumor at the local site. It 
means that a margin of several centimeters of grossly normal tissue is re- 
sected or irradiated in continuity. If the margins around the primary tumor 
are designed well, both surgery and irradiation have a satisfactory chance of 
controlling local disease. When regional lymph nodes are involved by ma- 
lignant tumor, similar principles are employed: lymph node dissection or 
radiotherapy to the lymphatic bed. Often, treatment strategies for locore- 
gional controlling combine surgery and radiotherapy to preserve function 
and cosmetic appearance. Such combined therapy can provide survival rates 
equivalent to more extensive surgical approaches while improving cosmetic 
and functional outcomes. 

Depending on the aims of the management of patients with malignant 
tumors, treatment can be radical-intent or palliative. Radical-intent treat- 
ment implies gross eradication of tumor based on visual assessment and/or 
imaginary techniques. Radical-intent therapy is not always curative, since it 
cannot always certainly eradicate all tumor cells from the body because it 
cannot remove all micrometastases in distant organs if they are present. The 
intent of palliative treatment is to relieve symptoms and improve the quality 
of life of affected patients through partly removing or destroying the prima- 
ry tumor oF its metastasis. When palliative treatment aims at only eliminat- 
ing the disturbing signs or complications, but not downsizing or surgical 
debulking the tumor, it is sometimes called symptomatic treatment. 

Cancer treatment is one of the most complex aspects of medical care and 
requires. multidisciplinary approach. It requires a team that encompasses 
various specialists working together, including surgical oncologists, medical 
oncologists, radiation oncologists, radiologists, pathologists, ete. 

Because treatments of malignant tumors are complex, guidelines and 
treatment protocols have been developed to ensure that people receive the 
safest, individualized and most effective care. 


SURGICAL MANAGEMENT 


Chronologically, surgery was the first treatment modality used for treat- 
‘ment of malignant tumors. Systematic adoption of this modality in oncolog- 
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ic practice has started since the advent of general anaesthesia. Surgery for 
malignant tumors has evolved over decades from a standard approach to a 
patient-specific, cancer-specific direction, which means that surgeons work 
together with their multidisciplinary partners in evaluation of cane 
tients. As surgeons are leaders in multidisciplinary teams and the first spe~ 
cialists involved in preoperative pathological assessment and staging, selec: 
tion of patient and choice of optimal treatment approach are fundamental to 
the surgeon's armamentarium, 

‘The aims of surgery for solid malignant tumors are to remove the cancer 
with an adequate surgical margin of normal tissue with minimal morbidity. 
Clear surgical margin is one of the main factors impacting on local control. 
It should be noted that margin requirements differ with the origin of the tu- 
mor, tumor location and histology. 

Surgery executed for most of the solid tumors, especially for epithelial 
(carcinomas) and melanocytic origin (melanoma), requires removal of 
draining lymph nodes to achieve more effective locoregional control and for 
the purpose of tumor staging, Extent of lymph node dissection (ND) varies 
with location and type of the tumor. Extended LND is not associated with 
higher morbidity in experienced, high-volume centers. Nevertheless, extent 
of lymphadenectomy has become more conservative with the advent and 
adoption of sentinel lymph node (SLN) biopsy when lymph node metastases 
are not clinically evident on preoperative workup. SLN biopsy is frequently 
used in cases of breast carcinoma and melanoma. Therefore, SLN or LND is 
an informative staging tool to determine the need for adjuvant therapies and 
to predict prognosis. 

Depending on the aims, surgical treatment can be radical-intent or pallia- 
tive, as stated above. Radical-intent surgery aims at grossly complete re- 
moval of primary tumor and regional lymph nodes, Radical-intent surgery 
not always implies curative surgery because this modality provides com- 
plete removal of the tumor grossly and locally, but not microscopically from 
In other words, patients undergoing radical-intent surgery 
may have occult (microscopic) metastases at distant sites, which cannot be 
detected by imaging techniques. Standard radical surgery, more frequently 
executed in the past, which includes removal of primary tumor along with 
lymph nodes located in the removed specimen (resectate), is now carried out 
for early-stage carcinoma. In more advanced cases, extended radical sur- 
gery (with LND) is the standard of care for almost all carcinoma types. Af- 
ter the current effective neoadjuvant therapy era, the need for multiorgan 
resection, which signifies en bloc removal of the locally advanced tumor 
with all involved adjacent organs, was reduced and today this surgery is 
usually performed in accordance with intraoperative findings. 
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The aims of palliative surgery are eliminating or relieving the complica- 
tions, symptoms or signs associated with cancer through removing primary 
tumor (with metastasis remained), debulking (cytoreductive) surgery, or by- 
pass surgery, ete. The aim of the removal of the primary tumor is to elimi- 
nate life-threatening complications, such as profuse bleeding from tumor, 
obstruction, ete. Debulking aims at reducing tumor mass, and thereby, in- 
creasing maximal effect of chemotherapy (in cases of ovarian carcinoma) or 
at reduction of hormonal production made by tumor cells, and thereby, im- 
proving patient’s quality of life. Palliative surgery, during which primary 
tumor is not removed (partially or completely), but the complications, 
symptoms or signs are eliminated, are also called symptomatic surgery. This 
type of surgery includes bypass surgery (e.g., hepaticojejunostomy) for ob- 
structive jaundice caused by pancreatic carcinoma, or colostomy for ob- 
structive colon or rectal carcinoma. 

Depending on the stage of tumor, its location and histology, surgery can 
be performed as an upfront treatment modality or after neoadjuvant therapy 
(radiotherapy, chemotherapy or radiochemotherapy). Upfront surgery is 
usually performed for early-stage cancer, with low risk of locoregional re- 
currence. In cases of locally advanced tumor, neoadjuvant therapy is used, 
which results in increase in resectability and decrease in local recurrence 
rates (see below). 

Surgical treatment can also be used for distant metastasis (liver or pul- 
monary) in patients with certain malignant tumors, particularly in cases of 
colorectal carcinoma or sarcomas. As the interval between the initial diag- 
nosis and occurrence of distant metastasis increases. the likelihood of devel- 
opment metastasis to other sites decreases. Therefore, surgery may be more 
effective, especially in patients with metachronous metastasis that have de~ 
veloped long after the surgery for primary tumor. 

In oncology practice, surgery can also be performed in individuals at 
high risk of developing cancer in their lifetimes, particularly in those with 
germline mutations in BRCA1/2 (prophylactic mastectomy), or RET gene 
(prophylactic thyroidectomy), or with Lynch syndrome (prophylactic hys- 
terectomy with bilateral salpingo-oophorectomy), ete. Depending on the 
gene mutated hereditarily and the organs removed prophylactically, surgery 
can reduce the cancer risk at that site by about 95-98%, In cancer patients, 
surgery can also be used as a hormonal ablation therapy: orchiectomy for 
prostate carcinoma or oophorectomy for breast carcinoma. 

During radical-intent surgery. some principles must be followed to im- 
prove long-term outcome and decrease the rate of local recurrence, When 
performing surgery, care should be taken to remove the tumor mass en bloc 
and prevent dissemination of tumor cells on the adjacent anatomical struc- 
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tures or organs (through wrapping the tumor with gauze, not cutting the tu- 
‘mor mass, ete.). For this purpose, the involved organ must be resected far 
enough from the visible borders of tumor to provide negative resection mar- 
gins, Based on the resection margin’s status, RO, R1, and R2 resections are 
distinguished: RO resection means no residual tumor on resection margins 
microscopically, RI resection indicates microscopic residual tumor on re- 
section margin(s), which is absent grossly; R2 resection implies macroscop- 
ic residual tumor on resection margin(s). 

Surgery for cancer of visceral organs can be performed via open, laparo- 
scopic, or robotic techniques. Despite the superiority of minimal invasive 
surgical techniques over conventional open surgery regarding postoperative 


hospital stay, recovery time, ete.. laparoscopic and robotic approaches are 
mainly used in cases of early-stage cancer. In more advanced tumors, open 
surgery is the standard approach. 

‘There are some terms used in surgical oncology, which indicate the pos- 


sibility or impossibility of radical-intent surgery in particular patients. Re- 
sectability means the possibility of the complete removal of tumor through 
surgery. Unresectability implies impossibility of the surgical removal of 
tumor because of locoregional advanced or disseminated disease. Unresec- 
tability rates for tumors vary greatly depending on the organ (site) of origin 
of primary tumor, ranging from 5% to 85% at initial diagnosis. The lowest 
rate of unresectability is characteristic of malignancies of visible organs 
(skin carcinoma, skin melanoma, lip carcinoma, etc.), the highest is of vis- 

ceral malignancies (pancreatic carcinoma, lung carcinoma, ovarian car 
noma, etc,). Sometimes, despite the resectability of primary tumor, patients 
cannot be candidates for radical-intent surgery due to their poor perfor- 
mance status, In those cases, patients are inoperable. When patients have a 
good performance status and can readily tolerate the planned radical-intent 
surgery, it means that they are operable. The terms curable and incurable 
are used when it is possible or impossible, respectively, to cure the particu- 
lar patient with malignancy. 


RADIATION THERAPY 


Chronologically, radiotherapy was the second treatment modality used in 
cancer treatment, Since the discovery of X-rays by Roentgen in 1895, at- 
tempts have been made not only to understand their physical properties, but 
also to study the possibilities of their use in different fields of science, in- 
cluding in medicine for diagnostic and treatment purposes. The discovery of 
radium by Marie and Pierre Curie in 1898 also resulted in the use of radio- 
active substances for management of cancer, since surgery was the only al- 
temative option available at that time. In the following decades, sufficient 
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amount of evidence about their effect on normal and malignant tissues had 
been collected, which made them widely used treatment modality in oncol- 
ogy. According to report of Royal College of Radiologists (UK, 2003), tak- 
ing cancer patients as a whole and assessing the contributions of different 
modalities to cure rates, of those cured, an estimated 49% are cured by sur- 
gery, 40% by radiotherapy and 11% by chemotherapy. 


Sources of ionizing radiation 


In the treatment of malignant tumors, electromagnetic waves (X-rays and 
yrays) and radioactive particles (a- and B-particles) are used. Despite the 
fact that a rays (made up of two protons and two neutrons, and positively 
charged) and B rays (electrons) also produce ionization in tissues, it is 7 
rays, Which have greatest application in radiation therapy. Of the various 
types of electromagnetic waves, only X-rays and y-rays (the terms are al- 
most interchangeable) have sufficiently high energy to generate ionization 
of atoms when a beam of radiation passes through body tissues, Other atom- 
ic fragments (neutrons, protons and pi-mesons) are also being studied since 
they may have theoretical advantages due to their different biological ef- 
fects. 

‘The effect of ionizing radiation of cancer tissue is based on ionizing pro- 
duced in cancer tissue, during which the basic event is the displacement of 
electron from its orbital path around the nucleus of atom. This process cre- 
ates an ionized (unstable) atom, and free electron, which is normally caught 
by neighboring atom, which then becomes equally unstable because it also 
possesses an extra electron. 

‘The physiochemical events which take place within cells undergone radi- 
ation-induced damage is not completely understood. It is obvious that the 
crucial target site is the nuclear DNA, which can be damaged by "direct hit" 
or indirectly. ‘The indirect effects are considered to be most common, which 
result in the generation of unstable, highly reactive and short-lived free radi 
cals consequently destroy normal DNA molecule, with which they rapidly 
react. 

For therapeutic irradiation, sealed and unsealed sources are used. Sealed 
sources signify that the radioactive material is enclosed by an impenetrable 
barrier (e.g.. platinum casing of a typical radium and cesium needle), so that 
the radioactive material can be inserted into the tissue to be irradiated and 
then removed at some predetermined time. This type of radiotherapy is 
known as brachytherapy. 

Examples for unsealed sources include ingestible or injectable form of 
BIL, which via the bloodstream is delivered to the end organ and taken up 
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(in this case, by the thyroid gland) where the effects of radioactive emission 
cause local damage to both the normal thyroid gland and cancer tissue de- 
rived from it. This type of therapy, called radionuclide therapy provides ir- 
radiation to a high intensity without compromising other organs. Use of in- 
jectable radioactive phosphorus (°*P) for bone marrow irradiat patients 
with polycythaemia vera is another well-known example, Radionuclide 
therapy is characterized by specificity, high efficiency and low toxicity. 
However, this type of radiation therapy has some limitations, which include 
unavoidable patient isolation, storage of radioactive waste and high cost. 
Nonetheless, in recent years, indications for unsealed radionuclide treatment 
for malignant diseases have expanded. 

Radioactive isotopes are also used as a source of external radiation (tel- 
etherapy). This type of radiation therapy is used for tumors that are deeply 
situated and inaccessible to irradiation by direct implantation (brachythera- 
py). Nowadays, for source of y irradiation, the mostly chosen radioactive 
isotope is Cobalt-60 (Co). which emits a high-energy y ray (mean energy, 
1.3 MeV) with sufficient penetration to allow treatment of deeply situated 
tumors, In addition, Co has a sufficiently satisfactory half-life of 5.3 years, 
50 that the major source replacement will not be required more than every 3- 
4 years. It should be noted that, X-rays used for diagnostic radiology are 
generated in a low-voltage device (¢.g.. 50 kV) and have less penetrating 
power. By contrast, therapeutic X-rays are much more powerful, varying 
from 50 KV up to 30 MeV (up to 600-fold increase), Therefore, as voltage is 
increased, the generated X-rays have far greater penetration within tissue to 
reach deep-seated tumors. For this reason, departments of radiotherapy need 
a range of equipment with a wide spectrum of clinically useful X-ray beams 
to treat both superficial tumors (e.g., skin cancer) and those more deeply 
located (¢.g., tumors of the mediastinum or pelvis). 

It is important to note that with X-ray and y-ray therapy, undesirable are- 
as of tissue are irradiated, both superficial to the tumor area and also beyond 
it, In other words, the entrance and exit doses irradiate a substantial volume 
of normal tissue, and this unavoidable characteristic is usually the limiting 
factor in a course of treatment. 

‘These technical difficulties were to some extent solved with the devel- 
opment of modem linear accelerator, which generate high-energy megavolt- 
age beams via new approach. This device has now become the standard 
equipment of modem radiotherapy departments. ‘To the clinician, the fun- 
damental difference between X-ray and electron therapy lies in their entirely 
different depth-dose characteristics. With electron therapy, the disadvantag- 
es of X-ray and y-ray therapy regarding the irradiation of unwanted normal 
tissue is at least partially overcome, since the beam decays completely at a 
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depth entirely, depending on the energy of the electron beam. Low-voltage 
X-ray therapy used for superficial lesions situated over bone and cartilage 
may cause osteoradionecrosis due to high bone absorption of radiation. For 
this reason, electron therapy is often preferred in such cases, particularly for 
skin tumors that is located over an area of cartilage (e.g, BCC on the nose 
or pinna of the ear). It is because with high-voltag yrays and elec- 
trons, the energy absorbed by the tissue is much less dependent on the mean 
atomic number of the tissue, in which the energy deposition is occurring, 


‘Tumor sensitivity 


Regardless of that whether the tissue is normal or malignant, radiation 
damages the cells. Radiation-induced damage may be lethal, resulting in cell 
death, or sub-lethal, in which case the cellular damage can be partially or 
completely repaired. Therefore, the degree of radiosensitivity of any given 
tumor depends not only on the immediate damage to that a cell underwent, 
but also its ability to repair the sub-lethal damage that has been caused. De- 
spite the fact that a high degree of radiosensitivity is generally required if 
there is any hope for cure by means of radiation, other factors may preclude 
the implementation of this aim. In other words, for achieving cure by radio- 
therapy, radiosensitivity alone is not sufficient. The intensity of the beam 
and its nature, whether the radiation is produced by 7 rays, or electrons, ete. 
is also an important factor. In other words, the probability of lethal cell inju- 
ry varies not only with the quantity of radiation energy deposited in the tis- 
sue, but also these physical properties. Another important factor is relatively 
protective effect of hypoxia. In large tumors with a relatively rapid growth 
rate and in areas of necrosis where vascularization is poor, anoxia (or hy- 
poxia) may be a major course of radioresistance. So, the difference in radio- 
sensitivity may be reflected in a two or three-fold increase in the dosage re- 
quired for tumor eradication in an anoxic environment 

Radiosensitivity of tumors mostly reflects the sensitivity of the tiss 
from which it has arisen, Based on the radiosensitivity, tumors can be div 


ed into radiosensitive, moderately radiosensitive, and radioresistant tumors: 


radiosensitive tumors include lymphomas, myeloma, embryonal tumors, 
seminoma, etc, moderately radiosensitive tumors include small-cell carci- 
noma, undifferentiated carcinoma, basal cell carcinoma (BCC), squamous 
cell carcinoma (SCC), adenocarcinoma, etc.; renal cell carcinoma, melano- 
ma, neurofibrosarcoma, osteogenic sarcoma, liposarcoma, etc. belong to ra- 
dioresistant tumors. Although histological type is still an important indicator 
in clinical practice, radiosensitivity depends not only on histological type of 
the tumor but also on other factors. For example, even among SCCs of the 
esophagus, some are highly radiosensitive but the others are not. Tissue hy- 
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poxia is one of these factors as explained above. For this reason, in tumors 
accompanied with ulcers or inflammation, tumor cells are in a hypoxic state, 
and thus respond poorly to radiation, 

For increasing radiosensitivity of malignant tumors, radiosensitizing 
agents, called also radiosensitizers, are frequently used before or/and during 
radiotherapy. Radiosensitizers are pharmacologic agents that potentiates 
toxicity of radiation therapy. These agents include Primarily traditional 
chemotherapy agents (5-FU, gemcitabine, doxorubicin, docetaxel, car- 
boplatin, cisplatin, ete,). Newer agents can also be combined with radiation 
therapy for this purpose, including EGFR-inh HER2/neu-inhibitors, 
PARD-inhibitors: Different mechanisms have been proposed for radiosensi 
tizing agents. These drugs interfere with the repair processes in cells sub- 
lethally damaged from radiation. Not only anticancer drugs, but also hyper- 
thermia may improve efficacy when combined with radiation therapy. 

Radiotherapy can be used as a definitive (mostly combined with chemo- 
therapy) or palliative treatment; either in neoadjuvant or in adjuvant setting, 
Definitive radio(chemo)therapy is frequently used for some malignant tu- 
mors (SCLC, laryngeal carcinoma, oropharyngeal carcinoma, SCC of the 
cervical esophagus, Hodgkin lymphoma, etc.) or in patients unsuitable for 
radical-intent surgery (for esophageal SCC. cervical carcinoma, etc.). The 
need to combine radiotherapy with chemotherapy depends on the stage of 
malignant tumor. For patients with early-stage disease (T1-T2N0) radiation 
monotherapy is a standard alternative to surgery as a curative modality in 
many SCCs (laryngeal carcinoma, esophageal SCC, ete.). In patients with 
locally advanced disease, (T3-T4, node positive) concurrent radiochemo- 
therapy is frequently used as a nonsurgical, organ preserving alternative to 
resection. The aim of palliative radiotherapy is to relieve local symptoms. 
Neoadjuvant radio(chemo)therapy is used in advanced non-metastatic ma- 
lignant tumors (mostly for epithelial, sometimes mesenchymal malignan- 
cies) to downsize the tumor, to increase RO resection rates, to reduce local 
recurrence rates, and to provide organ-preserving surgery. Adjuvant ra- 
dio(chemo)therapy is used for better locoregional control after radical-intent 
surgery. It should be noted that successful combinations of conventional 


chemotherapy with radiation therapy in the last decade ensured substantial 


control, and hence, for definitive, neoadjuvant and adjuvant purpos: 
type of treatment is only used in non-metastatic diseases. 

Response to radiotherapy is usually evaluated according to following eri- 
teria: complete response (disappearance of all targeted lesions during or af- 
ter treatment); partial response (a minimum of 30% reduction in the largest 
diameters of the targeted lesion); progressive response (a minimum of 20% 
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increase in the largest diameter of the targeted lesion); stable disease (does 
not meet other criteria). 


‘Types of radiation therapy 


As mentioned above, radiation can be delivered to the target tissue 
through different ways (internal or external radiation), depending on the 
location of tumor. In superficial tumors (e.g. skin carcinoma) or tumors, 
Which are accessible to irradiation by direct implantation (¢.g., cervical car- 
cinoma), internal radiation is used. External radiation (teletherapy) is used 
for deeply located tumors, which are inaccessible to irradiation by direct 
implantation. 

Delivering of radiation to the target tissue through intemal radiation is 
called brachytherapy. During brachytherapy, radioactive material in the 
form of seeds, ribbons, capsules, ete. is directly placed inside or next to the 
tumor. This way allows to deliver higher total dose of radiation to smaller 
areas and avoid unwanted radiation to surrounding healthy organs and tis- 
sues, Temporary and permanent brachytherapy is used in treatment of ma- 
lignant tumors. 

With temporary brachytherapy radioactive material inside a catheter is 
placed for a specific amount of time and then is removed. Temporary 
brachytherapy is given at a low-dose rate or high-dose rate. Temporary im- 
plants use needles, catheters, or special applicators. In low-dose rate type of 
brachytherapy, the radiation source stays in place for 1 to 7 days. Patients 
are likely to be in the hospital during this time. After the treatment is fin- 
ished, the radiation source and the catheter or applicator is removed. In 
high-dose rate type of brachytherapy, the radiation source is left in place for 
just 10 to 20 minutes at a time and then taken out. Patients may have treat- 
ment twice a day for 2 to 5 days or once a week for 2 to 5 weeks. During the 
course of treatment, the catheter or applicator may stay in place, or it may be 
put in place before each treatment procedure 

Permanent brachytherapy is also called seed implantation, with which 
radioactive seeds (about the size of a grain, or rice) are put in or near the 
tumor permanently. After several months, the seeds lose their radioactivity. 
When the seed is first put in place, patient needs to limit his/her time around 
other people and be extra careful not to spend time with children or pregnant 
women. 

Radiation sources for brachytherapy are placed through several tech- 
niques: interstitial brachytherapy. in which the radiation source is placed 
Within the tumor (in prostate carcinoma, by example): intracavitary brachy- 
therapy, in which the radiation source is placed within a body cavity or a 
cavity created by surgery (in cervical or endometrial carcinoma, for in- 
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stance); episcleral brachytherapy, in which the radiation source is attached 
to the eye (in melanoma of the eye, for example); plesiotherapy, in which 
the source of radiation is placed in contact with the exterior surface of the 
body (in skin cancer, for instance). 

Brachytherapy is used in the treatment of several types of malignant tu- 
‘mors, including: skin carcinoma, head and neck carcinomas, breast carci- 
noma, esophageal carcinoma, pancreatic carcinoma, bile duct carcinoma, 
rectal carcinoma, prostate carcinoma, cervical carcinoma, endometrial car~ 
cinoma, ete. 

‘Traditional brachytherapy refers to the placement of radioactive sources on ot inside the 
cancer tissues, In the past decade, electronic brachytherapy bas emerged as an attractive 
modality for the treatment of skin lesions and intraoperative partial breast irradiation. 
‘Therefore, based on the type of sources, radionuclide and electronic brachytherapy can be 


distinguished. Electronic brachytherapy is a new form of radiotherapy that uses miniatur- 
ized X-ray sources instead of radionuclides to deliver high doses of radiation. These min- 


inture X-ray sources operate at low kilovoltage energies, use of lower energies reduces 
‘the requirements for shielding of the surrounding environment and increases the radiobio- 
logical effectiveness. In addition, the inherent portability ensures treatments be offered 
‘beyond the traditional realms ofthe radiotherapy department. 

‘The advantages of electronic brachytherapy include low dose to ongans at risk. reduced 
dose to treating staff. no leakage radiation in off stat. less shielding. and no radioactive 
‘waste. Most of these systems operate between 50 and 100 kV and are widely used in the 
treatment of skin cancer. Skin lesions can be teated inthe dermatology clini, and single 
high doses can be delivered inthe operating theatre immediately after surgical excision of 
‘a tumor. It finds wide applications in the management of cancers including skin, breast, 
endometrium, cervix and spinal metastasis. Electronic brachytherapy is a promising tech- 
nology of the future and could potentially replace radionuclide brachytherapy. 

In external beam radiotherapy (EBRT), a special machine is used to di 
rect radiation beams at cancer site. Radiation beams used in external radia- 
tion therapy for cancer come from three types of particles: photons, protons, 
electrons. Most radiotherapy machines use photon beams, Photons are also 
use in X-rays, but in lower doses. As photon beams travel through the body 
to reach deeply seated tumors, they scatter little bits along their path. More- 
over, these beams do not stop once they reach the tumor, but go further into 
normal tissue, exposing them to radiation. Like photon beams, proton beams 
can also reach deeply located tumors. However, proton beams do not scatter 
radiation on their path through the body and they stop once they reach the 
targeted tissue. Electron beams cannot travel very far through body tissues. 
‘Therefore, their use is limited to tumors located on the skin or near the sur- 
face of the body. 
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Since that time, particle radiotherapy has developed rapidly, with centers across the world 
treating with protons and other heavy ions, including carbon ions. 

Treatment with carbon ions (carbon ion therapy) is characterized by several unique 
physical and radiobiological properties. Carbon ions exhibit a characteristic energy distri- 
bution in depth, where low levels of energy are deposited in tissues proximal tothe target, 
and the majority of energy is released in the target (known as the “Bragg peak”), Distal 
tissues receive little energy, although, unlike protons, there is energy deposited distally 
‘due to nuclear fragmentation. Therefore, carbon ion beams have favorable dose distribu- 
tion compared to photon and proton beams, providing a higher tumor control probability 
while minimizing the dose for the surrounding normal tissues The heavy charged ions 
‘have less lateral scattering than the light charged particles, such as electrons. Furthermore, 
carbon ion therapy exhibits a higher linear energy transfer than photons and protons, This 
leads toa higher relative biological effectiveness. where damage caused by carbon ions is 
clustered in the DNA, overwhelming the cellular repair systems 

‘There are many contemporary types of EBRT, all of which share the goal 

of delivering the highest administered dose of radiation to the target malig- 
nant tissue while sparing the normal tissue around it in contrast to conven- 
tional EBRT. Types of current EBRT include: 3-D conformal radiation 
therapy (3DCRT); intensity-modulated radiation therapy (IMRT); image- 
guided radiation therapy (IGRT); tomotherapy, stereotactic body radiation 
therapy (SBRT): superficial radiotherapy. 
{DCRT is a commonly used type of EBRT. This type of radiation therapy 
uses images from CT, MRI. or PET scans to precisely plan the irradiated 
area, a process called simulation, A computer program is used to analyze the 
images and to design radiation beams that conform to the shape of the tu- 
mor. The precise designing makes it possible to use higher doses of radia- 
tion to tumor while sparing normal tissue, [MRT is a type of 3DCRT and 
like 3DCRT, radiation beams are directed at the tumor from several direc- 
tions. IMRT uses much smaller doses than 3DCRT and the strength of the 
beams can be modulated to different amount of radiation to different parts of 
the treatment area. JGRT is a type of IMRT; unlike IMRT it uses imaging 
scans not only for treatment planning before radiotherapy sessions, but also 
during radiotherapy sessions. Tomotherapy is a type of IMRT that uses a 
machine which is a combination of a CT scanner and EBRT machine, and 
hence it can take images of the tumor right before treatment sessions to al- 
low for very precise tumor targeting and sparing of normal tissues, With all 
these types of EBRT, mostly, n is delivered once a day, five admin- 
istrations a week (from Monday to Friday). 

With SBRT, focused, high-energy beams are used to treat small tumors 
with well-defined edges outside the brain spinal cord. In SBRT many small 
beams of radiation are directed at a tumor from different directions. Each 
beam has very little effect on the normal tissue it passes through, delivering 
precisely targeted dose of radiation to the site where all beams come togeth- 
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er, Tumors outside the brain are more likely to move with the normal mo- 
tion of the body, such as breathing, swallowing, digesting. Therefore, the 
beams of radiation cannot target as precisely as they are in stereotactic radi- 
osurgery (SRS). For this reason, SBRT is usually given in more than one 
dose (up to five, once per day), unlike SRS (see below). This way of giving 
radiotherapy is called SRS when is used for tumors in CNS, Gammaknife is 
type of SRS. SRS is usually given in one dose, but rarely up to five doses 
can be given, once per da 

Superficial radiotherapy is a type of extemal radiotherapy, which is used 
to treat cancer on or close to the skin surface, In this type of radiotherapy, 
beams of radiation do not travel far through normal tissues. In this type of 
radiotherapy, low-energy X-rays (photons) or electrons are used, the choice 
of which depends on the size, depth and location of the tumor. 

Radiation therapy is delivered to target tissue in small doses called frac- 
tions. Fractionated radiation therapy is the most prominent technique for 
treating cancer with radiation due primarily to the fact that fractionation al- 
lows for the selective sparing of healthy tissue. Thus, fractionation serves 
clinically to reduce the complications attributable to radiation therapy. There 
are used different ways to deliver fractions to cancer tissue. Some of those 
ways are only used in a few cancers type or for certain situations. The fol- 
lowings are the most common types of fractionation: conventional fraction- 
ation (given over 6-7 weeks; once a day, 5 days a week, from Monday to 
Friday; doses ranges from 1.8 Gy to 2.0 Gy); hyperfractionation (given over 
the same weeks and number of days as conventional fractionation; twice a 
day, 6 hours or more apart; smaller doses per fraction); hypofractionation 
(given over fewer weeks and days than conventional fractionation; treatment 
is sometimes not given every day: treatment doses per fraction are higher); 
accelerated fractionation (given over fewer weeks and days than conven- 
tional fractionation; given in smaller doses and more than once a day); pal- 
liative treatment fractionation (the Ist to 3rd fractions are delivered at a 
higher dose; 3.5-4.0 Gy per fraction for doses 1 to 3; doses then are reduced 
to around 2.0 Gy per fraction), which is used to manage symptoms in incur- 
able cancer. 

‘The units for total absorbed dose are md (according to egs system of units) or gray, Gy 
(according to SI system of units), with Gy being increasingly preferred; note that 1 rad = 
‘100 ergig and 1 Gy = 1 J/kg of absorbed dose, and that | Gy = 100 rad. Some radiothera- 
pists prefer the centigray to the Gy. since the centigray and the rad are identical. 

Another way of delivering radiation to target tissue is radiopharmaceuti- 
cal therapy (RPT), in which radiation is systematically or locally delivered 
using pharmaceuticals that either bund preferentially to cancer cells or ac- 
cumulate in them by physiological mechanisms. It is a safe and targeted ap- 
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proach of radiation therapy to treat many types of malignant tumors. Deliv- 
ering radiation directly and selectively to particular cells is not itself a new 
approach, One such therapy, called therapy with radioactive iodine, has 
been used to treat differentiated types of thyroid carcinoma since 1940s, 
is pethaps the most effective therapy for metastatic differentiated thy- 
roid carcinoma, It is because iodine naturally accumulates in thyroglobulin- 
producing cells of thyroid gland. Another demonstrative example can be use 
of radium in patients with bone tumors. When cancer cells grow in the bone, 
they cause bone destruction. ‘The body then attempts to repair this damage 
by replacing that bone, a process called bone turnover. The radioactive ele- 
ment Radium-223 (*Ra) gets incorporated into areas where bone tumover 
is highest ito calcium molecule), such as areas where cancer is grow- 
ing, thereby, being able to kill nearby cancer cells. 

Almost all radionuclides used in RPT emit photons that can be imaged, 
enabling non-invasive visualization of the biodistribution of the therapeutic 
agent. Compared with almost all other systemic anticancer treatment op- 
tions, RPT is characterized by lower toxicity while delivering a high dose of 
therapeutic radiation to cancer cells. 

Within anticancer therapy options, RPT is a treatment modality that 
shares features of both chemotherapy and targeted therapy. Like chemother- 
apy and in contrast to targeted therapy, which primarily inhibits signalling 
pathways associated with malignancy, RPT kills cells. But unlike chemo- 
therapy, which Kills rapidly proliferating cells, RPT kills targeted cells re- 
gardless of their proliferating activity 

RPT is distinguishable from EBRT and brachytherapy in that the radia- 
tion is delivered by unencapsulated radionuclides, which are administered 
systematically and localize to the tumor. Localization may occur because 
the radionuclide is involved in the corresponding tumor-associated biologi- 
cal processes or because the radioactive substance is conjugated to a deliv- 
ery vehicle that ensures tumor targeting. Delivery vehicles that have been 
investigated include microspheres, nanoparticles, antibodies, peptides, or 
small molecules. 

‘The drawback to RPT is that delivery of radiation to target tissue cannot 
be externally controlled in the way that EBRTT and brachytherapy. 

A type of RPT, called radioimmunotherapy (RIT), in which a radioactive 
substance is linked to a monoclonal antibody (radioantibody) and injected 
into the body, is most widely applied to the most radiosensitive cancers, 
namely leukemias and lymphomas (Figure 5.1). The radioantibody is formu- 
lated as a pyrogen-free drug, which injected intravenously, or directly into 
the tumor, or compartmentally into a bod: uuch as the peritoneal and 
pleural cavities, or intrathecal space. Once injected, the radioantibody is dis- 


104 


Bayramov RB Textbook of Oncology 


tributed by blood flow, diffusion, or 
convection to its natural target, an 
antigen-binding site on tumor cells, 
delivering the tumoricidial dose of 
radiation to the tumor mass. In other 
words, RIT is a personalized anti- 
cancer treatment. that com- 
bines radiation therapy with the tar- 
geting ability of immunotherapy. 
Pediatric solid tumors such as CNS 
metastases of neuroblastoma have reseed 
shown excellent responses after in- Figure 5.1) Schematic description of radio 
trathecal administration of therapeu- Pharmaceutical therapy 

tic amounts of a radioantibody. Solid tumors are more radioresistant, requir 
ing about 5-10 times more deposited radiation doses for objective tumor re~ 
sponse. For the common solid tumors, such as pancreatic carcinoma, mela- 
noma, prostatic carcinoma, and colon carcinoma, direct intravenous injec- 
tion of a radioantibody has been relatively unsuccessful. 

RPT can also be via radioembolization (see below). This therapy is 
especially given for primary or metastatic liver cancer. For this purpose. the 
most commonly used Yttrium-90 (*Y) is placed inside the feeding blood 
vessels. It delivers a high dose of radiation to the tumor in conjunction with 
blocking the blood supply while sparing the normal tissue. It should be not- 
ed that the antitumor effect mostly comes from radiation rather than emboli- 
zation. 


MEDICAL THERAPY 


Advent and use of chemotherapy in the management of malignant dis- 
eases initiated a new era in the treatment of malignant neoplasms and im- 
provement of cancer patients” survival. The need for the development of this 
type of treatment has arisen due to the fact that a certain percentage of pa- 
tients who, after applying therapies that provide local control, develop me~ 
tastases in distant organs. So unlike surgery and radiation therapy, which 
can only provide locoregional control, chemotherapy provides also systemic 
control. Therefore, the systemic treatment of cancer become a critical part of 
current multimodal cancer management. 

Nitrogen mustard was the first chemotherapeutic agent that used in the 
treatment of cancer and introduced into clinical practice in 1946. The effee- 
tiveness of this agent in providing regression in lymphomas was rapidly es- 
tablished. This event was followed by the production of the closely related 
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drug methotrexate in 1949. Since 1965, numerous new antimetabolites, al- 
kylating agents and antibiotics with significant effectiveness have been de- 
veloped and used in clinical practice. 

Most anticancer agents yield their effects through reducing the rate of 
malignant cell division and proliferation. Currently, there is a major focus 
on development of agents that affect invasion, vascularization and metastat- 
ic spread, Cell growth and division may be disrupted by drugs in several 
ways: by impairing DNA synthesis in malignant cells; by damaging DNA 
and thereby, causing death of malignant cells; by disrupting the mechanisms 
that repair DNA damage: by blocking the pathways involved in cell growth 
that are activated by signals such as growth factors or hormones. 


Chemotherapy 

Classes of chemotherapeutic agents 

Currently, more than 100 chemotherapeutical agents are used in medical 
oncology practice. These agents are grouped as follows based on their 
mechanisms of effect: antimetabolites; alkylating agents: plant alkaloids; 
antitumor antibiotics 

The antimetabolites act as the building blocks of DNA by imitating the 
role of purine and pyrimidine. and thereby, stop cell division and yield cyto- 
static effect. In other words, these chemical compounds are very similar to 
normal substances within the cell and when cells incorporate these sub- 
stances into the cellular metabolism, they become unable to divide; there- 
fore, antimetabolites do not destroy DNA and kill cells. Antimetabolites are 
cell-cycle specific, and hence they produce their effect at a very specific 


phases in the cell eycle. These agents include folic acid antagonist (metho- 
trexate); pyrimidine antagonists (5-fluorouracil, floxuridine, capecitabine, 


gemcitabine, ete.); purine antagonists (6-mercaptopurine, 6-thioguanine); 
adenosine deaminase inhibitors (cladribine, fludarabine, pentostatin). 

Alkylating agents add alkyl groups to the electronegative (nucleophilic) 
sites in DNA, mainly N7-position of guanine, thereby, kill cells through 
damaging DNA. These types of drugs are cell-cycle non-specific and are 
most active in the resting phase of the cell. These agents include mustard 
gas derivatives (mechlorethamine, cyclophosphamide, chlorambucil, mel- 
phalan, ifosfamide): ethylenimines (thiotepa, hexamethylmelamine); alky!- 
sulfonates (busulfan); hydrazines and triazines (altretamine, procarbazi 
dacarbazine, temozolomide): nitrosoureas (carmustine, lomustine, strepto- 
zocin); platinum-based agents (cisplatin, carboplatin, oxaliplatin). 

It is important to note that unlike most types of chemotherapeutical 
agents, nitrosoureas can cross the blood-brain barrier, which make them use- 
ful in treating brain tumors. 
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lant alkaloids are plant-derived chemical substances, which block cell 
ion by inhibiting microtubule function (vinca alkaloids, taxanes) or by 
ing topoisomerases (camptothecan analogs and podophyllotoxins), 
Which are enzymes that normally facilitate the unwinding DNA that is re- 
quired for normal replication and transcription. The plant alkaloids are cell 
cycle specific (like antimetabolites). This group of anticancer agents include 
vinca alkaloids (vineristine, vinblastine, vinorelbine), which are derived 
from the periwinkle plant (Catharanthus roseus), taxanes (paclitaxel, docet- 
axel), which are derived from Pacific Yew tree (Taxus brevifoliay, camp- 
tothecan analogs (irinotecan, topotecan, rubitecan), which are derived from 
Asian "Happy tree”, also known as "Cancer tree" (Camprotheca acuminata); 
podophyllotoxins (etoposide, teniposide), which are derived from American 
mayapple (Podophyllum peltatum). It should be noted that most of the 
agents in this group are semisynthetic analogs of natural substances that 
were initially identified in plants. Camptothecan analogs and podophyllo- 
toxins are also known as topoisomerase inhibitors (topoisomerase I inhibi- 
tors and topoisomerase II inhibitors, respectively). 

Antitumor antibiotics are natural products produced by species of the soi 
fungus Streptomyces. These drugs act during multiple phases of the cell cy- 
cle and are considered cell-cycle non-specific. Several different mechanisms 
have been proposed for their cytostatic and cytotoxic actions, which include: 
producing superoxide that cause breakage in DNA strands; DNA binding 
and alkylation: DNA cross-linking: interference with DNA unwinding and 
; direct cell membrane effects; inhibition of topoisomerase 
IL, ete. The antitumor antibiotics include: anthracyclines (doxorubicin, 
daunorubicin, epirubicin, idarubicin, mitoxantrone), chromomycins (dacti- 
nomycin, plicamycin); miscellaneous (mitomycin, bleomycin). 


Administration of chemotherapy 

Chemotherapy can be used as a combination (multidrug) or single-agent 
chemotherapy. Combination chemotherapy can achieve several important 
goals that are less probable with single agent chemotherapy. So, combina- 
tion chemotherapy ensures increased cell kill within the range of acceptable 
toxicity for each drug. Moreover, due to fact that tumors mostly have heter- 
ogeneous tumor cell population, multidrug chemotherapy increases the 
probability of cells being more responsive compared with a single agent. 
Additionally, combination chemotherapy may delay the development of 
drug resistance if there is rapid cell kill and a reduced cell mass, Neverthe- 
less, the side effects associated with combination therapy can be more se- 
vere, and this can be a jificant factor in treatment selection, particularly 
for patients with a poor performance status. 
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Chemotherapy is mostly administered intravenously, and less often oral- 
ly, Oral administration is convenient, is generally preferred by patients, and 
is especially appropriate for older people (particularly with breast, colorectal 
or lung carcinoma) and requires fewer healthcare resources. 

Most of chemotherapeutical agents require intravenous administration. 
Some of them effect better if it is given by continuous infusion chemothera- 
py. which is administered through a small pump that patients wear or carry. 

Single-agent oral chemotherapy with capecitabine or vinorelbine is an 
option in older patients with advanced or metastatic breast carcinoma. In the 
adjuvant treatment of colorectal carcinoma, single-agent oral capecitabine is, 
an effective alternative to intravenous 5-FU regimens. In metastatic colorec~ 
tal carcinoma, oral, single-agent capecitabine is an option in selected pa 
tients who are not candidates for combination chemotherapy. Single agent 
vinorelbine is an option for older patients with non-small cell lung carcino- 
‘ma less suited to combination chemotherapy, and oral may be an alternative 
to intravenous administration, Newly approved trifluridine'tipiracil, a novel, 
orally active antimetabolite agent comprised of trifluridine (a thymidine- 
based nucleoside analogue) and tipiracil (a potent thymidine phosphorylase 
inhibitor) has demonstrated superior overall and progression-free survival in 
patients with metastatic colorectal carcinoma. In Japan, Korea and China, 
chemotherapy with S-1 (composed of three components: tegafur, a prodrug 
of 5-FU; gimeracil, an inhibitor of fluorouracil degradation; oteracil, a gas- 
trointestinal adverse-effect modulator) is widely used with proven effect. 

In some particular cases, intra-peritoneal (in peritoneal carcinomatosis. 
especially in ovarian carcinoma) or intravesical (in bladder carcinoma) ad- 
ministration is also used. The last ways of chemotherapy use a higher dose 
of drugs. Intraperitoneal administration of chemotherapy is designed to 
maximize the chemotherapeutic dose delivered to peritoneal tumor nodules 
while minimizing systemic toxicity. To accomplish this, the physical prop- 
erties of cytotoxic drugs should include large, high molecule weight, hydro- 
philic, and ionized compounds. These properties provide the plasma- 
peritoneal barrier to allow for higher concentrations of cytotoxic agents to 
be administered intraperitoneally when compared to systemic administra- 
tion. The drugs then enter the tumor disseminates by passive diffusion. ‘The 
bioavailability of a small amount of cytotoxic drug that does get into the 
systemic circulation is short-lived due to first-pass hepatic metabolism. 

Rarely, chemotherapy can also be given via intra-arterial administration, 
Which delivers higher dose of cytotoxic drugs selectively to tumor through 
feeding artery (see below). In superficial cutaneous lesions (Bowen's dis- 
ease, erythroplasia of Queyrat, superficial spreading BCC) chemotherapy 
can also be used in the forms of topical cream. 
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Chemotherapy is used for different purposes: as a curative chemotherapy 
When the goal of the treatment is cure (in childhood cancers, lymphomas, 
testicular cancers); as a neoadjuvant chemotherapy when the goal is to 
shrink the tumor before radical-intent surgery and make it resectable (when 
chemotherapy is used for this purpose before radiation therapy, is called in- 
duction chemotherapy, as an adjuvant chemotherapy when it is aimed at 
the reducing the risk of occurrence of metastasis after radical-intent surgery 
by eradicating micrometastases (when chemotherapy is used for this pur- 
pose after radiation therapy, it is called consolidation chemotherapy), as 
palliative chemotherapy to prevent tumor growth and relieve symptoms if a 
cure is not possible 


Tumor sensitivity and resistance to chemotherapy 


‘The rate of conversion of chemotherapeutical agent to its active form, 
and its rate of elimination, greatly impact on its efficacy. The degree of re- 
sponse to a drug depends on constitutional and tumor related factors. In oth- 
er words, some of the mechanisms of tumor response are an expression of 
host metabolism and resistance, while others are tumor-related. 

Constitutional factors include metabolism of a drug that is affected by 
genetic peculiarities of the individual. These genetic differences may be 
linked to polymorphisms or germline mutations. An example is the agents 
such as cytosine arabinoside and S-FU are converted in the cell to an active 
form before exerting their antitumor effect. Low levels of converting en- 
zymes or competing enzyme pathways may decrease intracellular concentra- 
tions of active drug. Drugs such as cyclophosphamide are converted to the 
active form in normal tissues; heritable differences in efficiency of activa- 
tion of this cytotoxic drug will lead to variation in the amount and rate of 
formation of active drug. Metabolism of tamoxifen, which depending on the 
constitutional structure of cytochrome P450 enzyme CYP2D6 (due to poly- 
morphism in the corresponding gene) may be characterized by variable side 
effects and drug interactions. Tumors associated with germline mutations in 
genes (BRCAI, BRCA2, PALB2 and ATM), which are normally involved in the 
repair of DNA double-strand break, are very sensitive to cisplatin (by 5 
times more sensitive) and thus, are associated with a more satisfactory 
sponse to platinum-based chemotherapy. It is because platinum drugs cause 
DNA double-strand breaks that cannot be repaired when the genes involved 
in homologous recombination are mutated (see page 41); double-strand 
breaks are the most lethal form of DNA damage. 

Resistance or sensitivity to chemotherapy also depends on tumor-related 
factors as stated above. The cells in a solid tumor are not uniformly sensi- 
tive to a cytotoxic drug before treatment starts. Genetic instability develops 
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as cancer grows and acquired new somatic mutations cause heterogeneity 
with respect to resistance to drugs. This is a partial explanation to greater 
drug resistance in large tumors where this process has progressed further. 
As the tumor grows, the frequency of development of resistant cells increas- 
es so that large tumors have a greater number of intrinsically resistant cells. 
In addition to this type of cellular resistance, at least two other mechanisms 
are important, The first is diminished vascularity in some areas of the tumor 
it becomes larger, resulting in hypoxia and decreased drug penetration. 
‘There is also evidence to suggest that, as with radiotherapy (see above), cel- 
lular hypoxia may also be a determinant of resistance to cytotoxic agents. 
‘The second is that only a small proportion of cells may be in the eycle, 
which allows time for repair from cytotoxic damage before cell division, as 
most cytotoxic agents are cell-cycle specific, In the entire tumor, numerous 
mechanisms will be operating, unevenly distributed in the cellular popula- 
tion. Theoretically, any of these resistance mechanisms may be found singly 
in some cells, or more than one mechanism may coexist in a cell. 

One of the unexplained phenomena of cancer chemotherapy is that some 
tumors are generally sensitive to drugs, while others are extremely resistant. 
This inherent sensitivity or resistance extends to drugs of many different 
classes and mechanisms of action. Thus, childhood cancers, such as lym- 
phomas and germ-cell tumors, show extreme sensitivity (and curability), 
while melanoma is highly resistant. This general susceptibility cannot be 
easily explained by any of the individual resistance mechanisms detailed 
above, but might be due to the induction of cell death (apoptosis) more easi 
ly in some cell types in response to DNA damage produced by cytotoxi 
agents, 


Hormone therapy 


Given the fact that hormones can influence on the growth and prolifera- 
tion of some normal tissue cells, many malignant cells retain a degree of 
hormonal sensitivity characteristic of their tissue of origin. This peculiarity 
is especially typical for carcinomas arisen from mammary gland, prostate 
and endometrium. A direct correlation between response to hormone thera- 
py and hormone receptor activity (expression) is observed in most hormone- 
responsive malignancies, with estrogen receptor (ER) and progesterone re- 
ceptor (ER) being the most common receptors studied. Patients whose tu- 
mors contain (express) both ER and PR are most likely to respond to hor- 
mone therapy. Patients whose breast carcinoma expresses both ER and PR 
and who have very large quantities of receptors are more likely to respond 
to hormone therapy than those with expression of ER only. These receptors 
should be measured in all patients with breast carcinoma, in selected pa- 


110 


Bayramov RB ‘Textbook of Oncology 


tients with endometrium carcinoma, and in some patients with ovarian ear- 
cinoma. 
Prostate carcinoma depends hea 


(at least in its early stages) on andro- 


genic stimulation. That is why, cancer does not develop in castrated males. 
‘That is why androgen depletion can is considered the primary approach for 
the treatment of hormone-sensitive prostate carcinoma. 

Hormone therapy (called also endocrine therapy) aims at eliminating the 
effect of the corresponding hormones on tumor tissue. This goal can be 


achieved through reducing the production of appropriate hormones or block- 

ing (or degrading) their receptors. This goal can also be implemented by us 

ing antihormone with reverse (contrasting) effect. The currently used hor- 
mone therapy approaches are the followin; 

* Selective estrogen receptor modulators (SERMs), which compete with 
estradiol for binding to a high-affinity estradiol receptor. This group of 
drugs include tamoxifen, raloxifene, toremifene, which are used in ER- 
positive breast carcinoma (mainly in postmenopausal women); 

* Selective estrogen receptor degraders (SERDs), which bind to the ER 
and causes it to be degraded and thus downregulated. This type of drugs 
includes fulvestrant, brilanestrant, elacestrant, with fulvestrant being 
most commonly used. This group of drugs are used in ER-positive ad- 
vanced breast carcinoma (mainly in postmenopausal women); 

* Aromatase inhibitors (Als) lower estrogen levels by inhibiting an en- 
zyme (called aromatase) in fat tissue, which catalyzes the last steps of the 
estrogen biosynthesis from other steroidal hormones (specifically, it 
transforms. androstenedione to estrone, and testosterone to estradiol), 
This group of drugs include anastrozole, exemestane, letrozole. Als don't 
inhibit estrogen production in the ovaries, they only suppress estrogen 
biosynthesis in adipose tissue (in postmenopausal women), Because of 
this, they are mainly used in postmenopausal women with ER-positive 
breast carcinoma; 

* Progestins are synthetic steroid hormones that activate the PR in a simi- 
lar way as progesterone does. This group of drugs include a wide range 
of medicines, with each of them having its own distinctive effect. PR- 
activation has an inhibiting effect on cancer growth; therefore, use of 
some progestins (medroxyprogesterone acetate, megestrol acetate) 
demonstrate antitumor effect in patients with endometrial carcinoma (in 
younger women with noninvasive, grade 1 endometrioid adenocarcinoma 
who wish to preserve fertility) or advanced breast carcinoma; 

* Luteinizing hormone-releasing hormone (LHRH) agonists are used to 
stop estrogen (in females) or androgen (in males) production. These 
drugs stop signals that the pituitary gland sends to the ovaries or testicles, 
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respectively, thereby, lowering the production of the corresponding hor- 
mones. LHRH agonists initially may cause a surge of luteinizing hor- 
mone (LH) secretion and thus a flare in the disease; however, they even- 
tually desensitize the pituitary gland to the effect of gonadotropin recep- 
tor stimulation, The most commonly used LHRH agonists include 
goserelin and leuprolide, which are used in the treatment of breast carci- 
noma and prostate carcinoma. They can be used alone or with other hor- 
mone drugs in the treatment of postmenopausal breast carcinoma, These 
drugs are used more often than oophorectomy (in females) or castration 
(in males); 

* Antiandrogens include two groups of drugs with different mechanisms: 
androgen biosynthesis inhibitors and androgen receptor (AR) blockers 
(antagonists). Androgen biosynthesis inhibitors are divided into two sub- 
groups: CYP17 (17a-hydraxylase/C17,20-lyase) inhibitors (abiraterone 
acetate, orteronel, galeterone) and Sa -reductase inhibitors (finasteride, 
dutasteride). AR blockers (enzalutamide, apalutamide, darolutamide) 
block AR signaling by sequestration of AR itself, thus preventing nuclear 
translocation and subsequent signaling to AR target genes. CYP17 in- 
hibitors and AR blockers are used in the treatment of prostate carcinoma, 
while Su -reductase inhibitors are applied in the management of benign 
prostatic hyperplasia and androgenic alopecia (male pattern hair loss). 

At present the major treatment options for prostate carcinoma include surgical or medi- 
cal castration. The effect of these options depends on the abolition of the production of 
testosterone by the testes. However, as these procedures do not affect adrenal androgen 
production, they are frequently combined with androgen receptor antagonist to block their 
ction, Inhibition of the key enzyme, which catalyzes the biosynthesis of androgens from 
precursors, CYPI7 (belongs to eytochrome P4SO superfamily) could prevent androgen 

from both (gonadal and adrenal) sources. Thus, total blockade of androgen 
production by CYP17 inhibitors may provide effective treatment of patients with prostate 
carcinoma. CYPL7 is produced i the testes and adrenal glands andl is necessary for pro- 
chitin of non-gonatel androgens fev chk. Therefore, inion of CYPI7 we 
‘vents androgen production in both locations and was therefore predicted to be more effec- 
tive in androgen dependent prostate carcinoma than LHRH agonists. It should be noted 
that approximately 97% of circulating testosterone is produced by testicular Leydig cells. 

Inhibition of 17a-hydroxylase by abiraterone acetate results in accumulation of up- 
stream mineralocorticoids due to loss of cortisol-mediated suppression of pituitary 
ACTH, providing a rationale for development of CYP17 inhibitors with increased speci- 
ficity for 17,20-lyase (orteronel, galeterone) that can potentially be administered without 
exogenous corticosteroids, 


It is well determined that the prostate and seminal vesicles contain 5,000-20,000 high 
alfiity AR per cell. These ARs are intracellular and are transported both into the nucleus 
as well as out ofthe nucleus. Normally, the main role of AR is to regulate normal prostate 
‘growth by promoting and inhibiting secretion of various growth factors from stromal cells 
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that act on the epithelial cells of the prostate gland. The primary agonists for AR are the 
androgens: testosterone and dihydrotestosterone. Testosterone is taken into the prostate 
epithelium and converted into dihydrotestosterone by the enzyme Sa-reductase, Dihydro- 
testosterone has a 10-fold higher affinity for the AR and isthe primary ligand for the AR. 
inthe prostate. The precise role of AR activation in the initiation and progression of pros- 
{ute carcinoma is an area of active investigation According to data, AR activation may 
‘assist in the formation of gene fusions between the AR-regulated TMPRSS? gene and the 
ETS-related transcription factors that are found in >S0% of prostate carcinoma cas- 
es, TMPRSS2-ETS fusions promote prostate carcinoma cell motility and invasiveness 


Hormone therapy (exactly, hormonal ablation therapy) can also be im- 
plemented by surgery, which includes oophorectomy and orchiectomy, in 
the treatment of breast carcinoma and prostate carcinoma, respectively. 
Hormone therapy can be used in neoadjuvant or adjuvant setting, and also 
for palliative treatment to help stop the cancer from growing. Most of the 
drugs used in hormone therapy are taken orally (SERMs, SERDs, Als, pro- 
gestins), and some are injectable drugs (progestins, LHRH agonists), 


‘Targeted therapy 


‘The pathways that transmit extemal signals into the cell for cell growth 
and division, have been targets for novel anticancer therapy. There may be 
many alternative pathways for each signaling event. The aim of this type of 
therapy is to block the subsequent processes, including mainly the produc- 
tion of the corresponding proteins, cell growth, division and spread. As 
more about the DNA alterations and proteins that drive cancer growth and 
spread is learnt, the treatment strategy that targets these proteins, is designed 
better, Thus, this type of anticancer treatment is called targeted therapy. 

Despite the fact that drugs used for targeted therapy are technically con- 
sidered chemotherapy, they do not act in the same way as traditional chemo- 
therapeutic agents do, The anticancer effect of chemotherapeutic agents is 
based on killing cells that divide rapidly, including some normal cells (cells 
of the bone marrow, hair follicles, gastrointestinal mucosa, ete.). Targeted 
therapy affects by targeting something specific to a cancer cell. This allows 
the drugs designed for targeted therapy kill cancer cell and leaving unaffect- 
ed most normal cells. Therefore, targeted therapy is a type of anticancer 
treatment that uses drugs that designed to “target” cancer cells without af- 
fecting normal cells. 

‘There are many different types of targeted therapy drugs, which are 
grouped in two main types of targeted therapy agents: monoclonal antibod- 
ies and small molecule inhibitors. 

Monoclonal antibodies are proteins produced in the laboratory. Mono- 
clonal antibody molecules are too big to get into cells, instead, they attack 
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targets on the cell membrane. In other words, these proteins are designed to 
attach to specific targets found on cancer cells. Upon targeting specific anti- 
gens and binding to them, they together form a complex, which can be rec- 
ognized and destroyed by phagocytes or used for other diagnostic or treat 
ment purposes. So, they are sometimes used to guide chemotherapeutic 
agents or radiopharmaccuticals straight into the tumor, Some monoclonal 
antibodies mark cancer cells so that they will be better seen and destroyed 
by the immune system. The generic names of monoclonal antibodies end in 

*-mab". Depending on targets, monoclonal antibodies are designed to attach 

to which, the following groups of medicines can be distinguished: 

* HER2 (human epidermal growth factor receptor 2) inhibitors bind to the 
juxtamembrane domain of HER2 and upon receptor binding, these anti- 
bodies downregulate the expression of HER2. These medicines are used 
to treat all stages of HER2-positive breast carcinoma. HER2 inhibitors 
can also be used in other HER2-positive carcinomas, including adenocar- 
cinomas of the esophagogastric junction and stomach. This group of 
monoclonal antibodies include trastuzumab and pertuzumab: 

‘The human epidermal growth factor receptor (HER) family of receptors plays a central 
role in the pathogenesis of several human malignancies. They regulate cell growth, sur- 
vival, and differentiation via multiple signal transduction pathways and participate in cel- 
lular proliferation and differentiation. The family consists of four main members: HER-1, 
HER.2, HER-3, and HER-4, also called ErbB1, ErbE2, ErbB3, and ErhB4, respectively. 
All four HER receptors comprise a cysteine-rich extracellular ligand binding site, a 
‘transmembrane lipophilic segment, and an intracellular domain with tyrosine kinase cata- 
lytic activity. This family of receptors function by stimulating growth factor signaling 
pathways such as the PI3K-AKT-mTOR pathway. Activation of receptor kinase function 
‘ccurs predominantly via ligand-mediated hetero- or homo-dimerization. With regard to 
‘HER2, activation is also thought to occur in a ligand-independent manner, particularly 
when the receptor is found to be overexpressed o is the proxluct of the encoding mutated 
gene. Amplification of HER2 gene is observed in approximately 20% (15-30%) cases of 
invasive breast carcinoma (10-30% of cases of pastric/esophagogastric carcinoma), and 
signifies a poor prognosis with an increased risk for disease progression and a decreased, 
overall survival 

* EGER (epidermal growth factor receptor 1) inhibitors (also known as 
ErbB-1 or HER! inhibitors) that bind to extracellular component of the 
EGER and prevent epidermal growth factor from binding to its own re- 
ceptor and therefore, inhibits cell division. ‘This group of monoclonal an- 
tibodies include cetuximab, panitumumab, necitumumab; 

[BOER inhibitors are approved for management of KRAS-mutation-negative (wild type) 
carcinomas, which express EGFR. So cetuximab demonstrates high efficacy in cancers 
‘with wild-type KRAS status, but notin those with mutant KRAS. 

‘© Anti-VEGF (vascular endothelial growth factor) monoclonal antibodies 

(angiogenesis inhibitors) are humanized monoclonal antibodies directed 
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against VEGF (or VEGFR, vascular endothelial growth factor receptor), 
with potential anti-angiogenic and antineoplastic activities. Therefore, 
angiogenesis inhibitors interfere in several ways with various steps in 
blood vessel growth. Some are monoclonal antibodies that specifically 
recognize and bind to VEGF (e.g., bevacizumab). When VEGF is at- 
tached to these drugs, it is unable to activate the VEGF receptor. Other 
anti-VEGF monoclonal antibodies target and bind to VEGFR (e.g., 
ramucirumab) at a unique binding site and inhibits VEGF binding to its 
receptors, VEGFR1 and VEGFR2, thereby, preventing VEGF/VEGFR- 
mediated signaling. This prevents the growth and maintenance of tumor 
blood vessels. It should be noted that an increased VEGF/VEGER signal- 
ing is associated with increased tumor invasiveness and decreased sur- 
vival; 

Anti-CD20 monoclonal antibodies are targeted against B-cell antigens 
and Were originally developed to treat B-cell non-Hodgkin lymphoma. 
‘These group of monoclonal antibodies include rituximab, ocrelizumab, 
ofatumumab, ete.; 


Anti-CD33 monoclonal antibodies are targeted against CD33, a myeloid 
differentiation antigen, which is a cell surface receptor and is expressed 
only on the cells of myelomonocytic lineage, including the majority of 
acute myeloid leukemia (AML) blast cells (90%). The most effective 
anti-CD33 antibody-based drug to date has been gemtuzumab ozogami- 
cin, which is composed of a humanized monoclonal antibody conjugated 
toa powerful antitumor antibiotic, cs 
these group is lintuzumab, an unconjugated, hum: 
oclonal antibody. In contrast to antibody-cytotoxie drug conjugates, un- 
conjugated monoclonal antibodies have been shown to induce cell death 
by both complement and/or antibody-directed cellular cytotoxicity, These 
drugs are used in the treatment of AML. 
Anti-CD30 monoclonal antibodies target the tumor cells expressing 
the CD30 antigen (member of the TNF receptor superfamily), a defining 
marker of Hodgkin lymphoma and anaplastic large cell lymphoma 
(ALCL). Brentuximab vedotin, an anti-CD30 monoclonal antibody-drug 
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conjugate, combines cytotoxic agent monomethyl auristatin E (inhibitor 
of microtubule polymerization) with a selective monoclonal antibody, 
Brentuximab vedotin is mainly used in patients with relapsed or refracto- 
ty Hodgkin lymphoma, and in patients with ALCL who have not re- 
sponded multiagent chemotherapy regimen; 

® Anti-PD-1 (programmed cell death 1) and anti-PD-L! (programmed cell 
death | ligand) monoclonal antibodies have potential immune check- 
point inhibitory and antineoplastic activities. Upon administration, they 
bind to and inhibit PD-1 (anti-PD-1 antibodies) or bind to PD-L1, block- 
ing its bi tion of its receptor PD-1 (anti-PD-L1 anti- 
bodies). This may restore immune function through activation of ‘T-cells 
and cell-mediated immune responses against tumor cells, Anti-PD-1 
monoctonal antibodies include nivolumab, pembrolizumab, cemiplimab; 
anti-PD-L1 monoclonal antibodies include atezolizumab, avelumab, du- 
ravulumab, These antibodies are particularly used in the treatment of tu- 
mors with high expression of PD-L1. So, when using anti-PD-1 or anti- 
PD-L1 antibodies to treat malignant tumors, some patients with low PD- 
L1 expression might be poor responders. According to data, cancers with 
high PD-Llexpression have significantly worse prognosis compared with 
those with low or lacked PD-L1 expression. 

PD-1 is a cell surface receptor that functions as aT cell checkpoint and plays 2 pivotal 
role in regulating depletion of T cell activity. Binding of PD-l to its ligand, PD-L1, acti- 
vates downstream signaling pathways and inhibits T cell activation. Moreover, abnormal- 
ly high PD-L1 expression on tumor cells mediates tumor immune escape. This is why the 
development of anti-PD-1/PD-L1 antibodies has recently become a hot topic in cancer 
immunotherapy. PD-1 expression on naive T cells is induced upon TCR (T-cell receptor) 
activation. PD-1 binding to its ligands, PD-L1 and PD-L2, impairs TCR signaling and 
CD28 co-stimulation. Constitutive PD-I expression by tumor-specific T cells was initially 
described, leading to impaired T cell functions and to tumor immune escape, upon bind- 
ing to its ligand PD-L1 expressed by tumor cells or immune infiltrating cells within tumor 
microenvironment. Constitutive PD-1 expression seems to be a form of immune adapta- 
tion to chronic stimulation, leading to a physiologic limitation of immune responses re- 
strictng auto-immune phenomena 

= Anti-CTLA-4 (cstotoxic T-lymphocyte-associated antigen 4) monoclonal 
antibodies block the cytotoxic T-cell antigen, which is a checkpoint pro- 
tein, and thus, intensify the immune response against the tumor cells 
Ipilimumab, a CTLA-4 inhibitor, was the first immune checkpoint inhibi- 
tor (ICI) tested in oncological patients and approved by the FDA (USA), 
and introduced into clinical practice in cancer patients. Ipilimumab has 
been shown to provide a long-term survival advantage in patients with 
advanced cutaneous melanoma. 
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phocytes. A pivotal mechanism of tumor-inguced immune suppression is the increased 
expression of ligands able to bind inhibitory T cell receptors. These ligands are known as. 
immune checkpoints and act in physiological conditions to prevent the development of 
‘autoimmunity during the immunological response. The main mechanisms involved in the 
‘T cell modulation are the suppression of potential autoreactive naive T cell (characterized 
by a TCR directed against self-antigens) at inital stages in lymph nodes, or in later phases 
in peripheral tissues. This process is called peripheral tolerance and is exerted mainly by 
the immune checkpoints, CTLA-4 and PD-1 pathways. Tumor cells have developed ways 
to take advantage of peripheral tolerance by inducing a deranged immune checkpoint ex- 
pression by T cell in order to avoid immune recognition. 

"= LAG-3 (lymphocyte activation gene 3) inhibitors are a monoclonal anti- 
body that block LAG-3 protein, a checkpoint protein on immune cells, by 
attaching to it, and thus help unleash immune response against cancer 
cells. It is because the LAG-3 signaling plays a negative regulatory role 
in T helper 1 (Th1) cell activation, proliferation, and cytokine secretion. 
Moreover, LAG3 is expressed on CD4+ and CD8+ T cells, Tregs, B cells 
and plasmacytoid dendritic cells. Relatlimab is a FDA-approved LAG-3 
inhibitor, which is used in combination with nivolumab, anti-PD-1 anti- 
body, which is another checkpoint inhibitor, in the treatment of advanced 
melanoma. 

Apart from CTLA-4 (also known as CD152) and the PD-1, novel checkpoints (includ- 
ing LAG-3) have been discovered, which can be targeted by specific monoclonal antibod- 
ies. Several experiments led to hypothesize that the blockade of a single immune check- 
point may result in 2 compensatory enhancement of other checkpoint recepiors in the tu- 
mor microenvironment. Indeed, experimental studies supported the hypothesis of a com- 
ppensatory mechanism, when the levels of inhibitory receptors were evaluated using anti- 
PD-1 monoclonal antibodies, the levels of LAG-3 and CTLA-4 were increased. In ac- 
cordance, the administration of LAG-3 inhibitors led to rise in PD-1 levels, For that rea- 
son, research moved towards the synergistic effect obtained by the combined blockade of 
different immune checkpoints, as in the case of the combination of ipilimumab (anti- 
CTLA-4 monoclonal antibody) with nivolumab (anti-PD-1 monoclonal antibody) or relat- 
Jimab (anti-LAG-3 monoclonal antibody) with nivolumab, 

Molecules of small molecule inhibitors are small enough to enter cancer 
cells and destroy them, They block signals inside cancer cell that require 
cells to divide (Figure 5.2). ‘The generic names of these drugs mostly end in 
ib". Depending on the target and mechanism of action, the following 
groups of small molecule inhibitors are distinguished: 

* Tyrosine kinase inhibitors (TKIs) are a group of pharmaceutical agents 
that disrupt the signal transduction pathways of protein kinases by sever- 
al modes of inhibition. The generic names of these drugs end in "-nib" 
(mostly "-tinib"), excluding midostaurin. ‘These signals are important for 
growth, division and spread of cancer cells; moreover, without these sig- 
nals cancer cells may not survive. Depending on binding models of these 
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agents, 5 types of TKIs are dis- 
tinguished, from type 1 to type 5. 
As of now, there are over 50 
FDA-approved TKIs, bait 
tucatinib, neratinib (target 
tyrosine kinase); dacomi " 
osimertinib, gefitinib (target 
EGFR tyrosine kinase), axitinib, 
regorafenib, pazopanib, sorafenib 
(target VEGER tyrosine kinase); 
sunitinib (target VEGFR2 tyro- 


sine kinase), trametinib, cobi- Figure 52, Schematic Uepicture ofthe suc: 
metinib, binimetinib (MEK1/2 iS mucclnl) a) oig 

its monoclonal anaibody (aub) attaching 
inhibitor, ete. Nearly all TKIs 8, nt 


are effective when taking oral 
Tyrosine kinases (TKs) are enzymes that can be categorized into receptor tyrosine ki- 
(RTKs) 


not included in the nine defined families. Asa whole, tyrosine kinases phosphorylate spe- 


i, Which subsequently alter 
leading to downstream changes in cellular biology. The downstream signal transduction 
Hoff by TKs cn modify ell rot migration, dilentnton, mpi end death 
Constitutive activation or inhibition, either by mutations or other means, can lead to 
dysogulted sigan end, posenallyreaing in malignancy and ther pabologia 


= mTOR (mammalian target of rapamycin) inhibitors block the activity of 
mTOR, which is a protein kinase and regulates growth factors that stimu- 
late cell growth and angiogenesis. Upon blocking the mTOR, these 
agents prevent cytokine signals from activating the ‘T-cell cycle, The ge- 
netic names of these drugs end in "-limus". mTOR inhibitors include si- 
rolimus, everelimus, temsirolimus, etc. 

CDK (eyelin dependent kinase) inhibitors block the cell cycle and inhibit 
cell proliferation by inhibiting the CDK enzyme activity. Given the im- 
portant function of CDKs in regulation of cell division, gene transcription 
and other crucial biological processes, CDK inhibitors have been devel- 
oped for the treatment of various diseases caused by CDK abnormalities, 

Most of the second generation CDK inhibitors have demonstrated effi- 
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cient anti-tumor activity, although the safety and efficacy of these agents 
need to be further verified in clinical studies. The generic names of these 
drugs end in "-ciclib". These inhibitors include dinaciclib, ribociclib, pal- 
bociclib, abemaciclib, etc., and in contrast to first generation (pan-)CDK 
inhibitors (pan-CDK inhibitors are non-selective and have significant 
toxicity, leading to inevitable harmful effects on normal cells), palbo- 
cielib and abemaciclib were approved by FDA for the treatment of hor- 
mone-responsive, Rb-positive breast carcinoma; 


‘The sequence of stages in cell division is known as the cell cycle, which includes the 
synthesis phase (S), mitotic segregation (M) phase and two intervenient phases GI (gap 
1) and G2 (gap 2). The G1, S, and G2 phases together are known as interphase that takes 
place between two mitotic phases. Cell grows larger in the G1 phase to prepare for the 
DNA synthesis, which is regulated by a “restriction point” in mammals. Whether a cell 
can enter the cell eycle is determined by both intrinsic factors (such as protein synthesis) 
and extrinsic factors (such as growth factors). The absence of these essential factors caus- 
6 the cell to end its cell cycle and enter a dormancy period, known as GO phase, Cell 
oycle regulation involves three “checkpoints”. the G1/S, G2/M, and spindle checkpoints. 
‘The spindle checkpoint is a key regulator of chromosome segregation in mitosis and mei- 
sis, Its function is to prevent precocious anaphase onset before chromosomes have 
achieved bipolar attachment to the spindle. Growing evidence has demonstrated that the 
eukaryotic cell cycle is driven by a conserved central mechanism, including CDK, which 
‘promote DNA synthesis and chromosome segregation by phosphorylation of their sub- 
Strate, In other words, cell division is mamly controlled by a complex composed of cyclin 
and CDK, Dysregulated cell division, which leads to abnormal cell proliferation, is one 
of the key hallmarks of cancer. Therefore, therapeutic targets that block cell division. 
through inhibiting CDKs would be effective for cancer treatment. So far, 21 CDK have 
been identified, which participate in the regulation of different pathways of cell cycle. In 
‘metazoans, cell eycle entry is mostly elicited by CDK4 and CDK6. which are responsive 
tonumerous growth-regulatory signals. To date, the CDK inhibitors, specifically the ones 
that block the enzyme activity of CDK4 and CDK6, have been approved by FDA for the 
treatment of metastatic hormone receptor positive breast cancer, 


* PARP (poly(ADP-ribose) polymerase) inhibitors block PARP, an en- 
zyme that repairs damaged DNA in cancer cells. So, the activity of this 
enzyme is generally greater in cancer cells than in normal ones. PARP 
inhibitors improve the efficiency and selectivity of DNA-damaging 
agents, The generic names of these drugs end in "-parib". PARP inhibi- 
tors are especially effective in the treatment of cancers with BRCA1/2- 
mutations, including ovarian carcinoma, breast carcinoma, prostate car- 
cinoma, etc. These drugs include olaparib, rucaparib, niraparib; 

* Proteasome inhibitors (Ps) block the action of proteasomes, which are a 
proteolytic complex responsible for degradation of ubiquitinated pro- 
teins. Bortezomib., the first-generation FDA-approved PI has demonstrat- 
ed great therapeutic efficacy in the treatment of refractory multiple mye- 
Joma. However. despite its high efficiency, a large proportion of patients 
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do not achieve sufficient clinical response. Therefore, the development of 
second-generation Pls with improved pharmacological properties was 
needed. Recently, several of these new agents, with improved pharmaco- 
logical properties, have been introduced into practice, including carfil- 
zomib, marizomib and ixazomib. The generic names of these drugs end 
in "-zomib"; 


BRAF inhibitors selectively target BRAF kinase and thereby, interfere 
with mitogen-activated protein kinase (MAPK) signaling pathway that 
regulates the proliferation and survival of melanoma cells. BRAF inhibi- 
tors are used in metastatic melanomas harboring BRAF-activating muta- 
tions (BRAF 600E, BRAF 600K), The generic names of these drugs end 
in "-fenib”, These agents include vemurafenib, dabrafenib, encorafenib. 
‘In addition to their molecularly targeted activity, BRAF inhibitors have immunomodu- 
latory effects. The MAPK pathway is involved in T-cell receptor signaling, and interfe- 
‘rence in the pathway by BRAF inhibitors has beneficial effects on the tumor microenvi- 


targeted therapies with ICIs. 

Small molecule inhibitors include also hedgehog pathway inhibitors 
(vismodegib, sonidegib), MEK inhibitors (trametinib, —cobimetinib, 
binimetinib), NRK (neurotrophic tyrosine receptor kinase) inhibitors 
(larotrectinib, entrectinib), FGFR (fibroblast growth factor receptor) inhibi- 
tors (erdafitinib, pemigatinib), etc. 


Immunotherapy 
As the relationship between cancer cells and the immune system, and the 
role of the immune system in preventing the development of malignant cells 
are studied, attention towards the possibility of restraining the growth of 
malignant tumors began to increase, Most researchers consider that the im- 
mune system plays a major role in preventing or limiting the development 
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of cancer, This argument can also be supported by the fact that annually one 
out of 400-450 people are diagnosed with cancer worldwide, despite the fact 
that cancer cells can theoretically form in each person weekly or monthly 
due to the fact that every person is incessantly attacked by numerous muta- 
genic (including carcinogenic) factors that can cause numerous mutations, 
including those in genes that contro! DNA repair and normal cell division. 
Immune system successfully recognizes and eliminate these cells continu- 
ously, But when a newly arisen cancer cell is able to evade the immunosur- 
yeillance, then it can successfully multiply and form a malignant tumor. 
‘This hypothesis can be confirmed by the fact that people with congenital or 
acquired immunodeficiency have a higher risk of developing malignant tu- 
mors. 


In 1909, Paul Ehrlich hypothesized that the human body constantly generates neoplastic 

cells that are eliminated by the immune system. Malignant tumors inherently are charac- 
terized by low immunogenicity since they arise from the body's own cells. The tumor 
‘microenvironment, which in addition to the tumor cells contains a large number of other 
cell populations, inhibits the tumor killing capacities of immune cells. It is known that 
innate and adoptive immune responses are involved in surveying tumor development, 
which can be divided into three stages: elimination, equilibrium, and escape. At the first 
stage, the innate immune system is able to identify and destroy a nascent tumor using a 
number of signaling molecules and inflammatory cells. However. if the tumor cell with a 
‘rare and aggressive mutation survives al the elimination stage, the process proceeds to the 
next stage, in which excessive growth of the tumor is prevented by immunological mech- 
‘anisms. At this second stage, the tumor cells are not completely destroyed, but the tumor 
growth is controlled and restricted by the immune system. The equilibrium stage is the 
Tongest of the three stages and can last up to 20 years, from the initial transforming event 
to the clinical manifestation of the tumor. The escape stage occurs when tumor cells 
‘which have survived both elimination and equilibrium become resistant to immunological 
surveillance allowing the tumor to grow and become clinically detectable 

All of the clinical observations and advances in understanding the rela- 
tionship between cancer and the immune system have led to the develop- 
ment of a new anticancer treatment option called immunotherapy. The basic 
principles of immunotherapy have been formulated on the basis of numer- 
ous studies conducted over the past 50 years. Immunotherapy is a broad cat- 
egory of cancer therapies that triggers the body’s immune system to fight 
cancer cells, Different types of immunotherapies have been developed and 
introduced into clinical practice in the past decades. Immunotherapy can be 
used alone or in combination with other anticancer treatments, such as 
chemotherapy, radiation therapy and targeted therapy. 

The idea to deploy the immune system as a tool to treat malignant diseases originated in 
the 19th century. Wilhelm Busch and Friedrich Fehleisen were the first to describe an. 
epidemiological association between immune status and clinical course of cancer. They 
observed spontaneous regression of malignant tumors following the development of ery= 


121 


Bayramov RB Textbook of Oncology 


sipelas, a superficial skin infection most commonly caused by Streptococcus pyogenes 
Later, William Coley, often called the "father of cancer immunotherapy”, retrospectively 
demonstrated that erysipelas was associated with a better outcome in patients with sar- 
coma. With hopes of prospectively confirming his epidemiological evidence, Coley treat- 
ed patients with cancer with extracts of heat-inactivated Streptococcus py- 
genes and Serratia marcescens to boost immunity. This extract, termed *Coley's toX- 
ins’, possessed potent immunostimulatory properties and provided favorable responses in 
various cancers, However, the discovery of radiotherapy and chemotherapeutic agents, 
prevented treatment with *Coley’s toxins" from becoming standard practice 

On the whole, immunotherapy stimulates or suppresses the immune sys- 
tem to help destroy cancer cells as well as enables the immune system to 
recognize and target these cells, 


Cytokines 

Cytokine-based immunotherapy is a promising field in cancer treatment, 
since cytokines, as proteins of the immune system, are able to modulate the 
host immune response against cancer cell, as well as directly induce tumor 
cell death. 

Only two cytokines, interlewkin-2 (IL-2) and interferon-a (IFN-a), yield 
ed mild clinical benefit and consequently received the FDA approval for the 
treatment of several malignancies. IL-2 was approved for the treatment of 
advanced renal cell carcinoma and metastatic melanoma, whereas IFN-a 
was approved for the treatment of hairy cell leukaemia, chronic myeloid 
leukemia, follicular non-Hodgkin lymphoma, melanoma and AIDS-related 
Kaposi's sarcoma. In addition, IL-12, IL-15, and IL-21 have been evaluated 
in clinical trials. 

However, the cytokines as monotherapy have not fulfilled their early 
promise because cytokines administered parenterally do not achieve suffi- 
cient concentrations in the tumor, are often associated with severe toxicities, 
and induce humoral or cellular checkpoints. To circumvent these impedi- 
ments, cytokines are being investigated clinically in combination therapy 
With immune checkpoint inhibitors to increase the antibody-dependent cel- 
lular cytotoxicity of these monoclonal antibodies. However, the low re- 
sponse rate and high toxicity associated with high-dose IL-2 and IFN-«. ad- 
ministration have relegated the clinical use of these cytokines in favor of 
targeted therapy and ICIs. 


Monoclonal antibodies 


After many years of development, monoclonal antibodies now occupy an 
established place in anticancer therapy (see above). The technical advances 
that have made this achievement possibly include: humanization of mouse 
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antibodies, avoiding formation of anti-antibodies; development of high- 
affinity antibodies; production of antibodies of varying size with different 
degrees of tissue penetration. 

‘Antibodies designed for anticancer therapy can produce an antitumor ef- 
fect by various mechanisms. They can kill cancer cells directly by comple- 
ment or by antibody-dependent cell cytotoxicity. This mechanism of cell 
killing is the pattern of action of trastuzumab (HER2 inhibitor) in breast 
carcinoma, and rituximab (anti-CD20 monoclonal antibody) used to treat B= 
cell lymphoma. Monoclonal antibody can also kill cancer cells through car- 
rying a toxin or radioactive substance, One example is gemtuzumab 070- 
gamicin (is used in the treatment of AML), which comprises humanized an- 
ti-CD33 antibody conjugated to calicheamicin, an antitumor antibiotic. An- 
other example is ibritumomab tiuxetan, which is a monoclonal anti-CD20 
antibody used to treat B-cell non-Hodgkin lymphoma via a conjugated radi- 
active isotope Yttrium-90 (radioimmunotherapy). 

Monoclonal antibodies that interrupt the delivering of inhibitory signals 
to T cells, and reprogram adaptive immunity to participate in cancer elimi- 
nation (See above) are called immune checkpoint inhibitors (ICIs), which 
represent different classes of monoclonal antibodies (anti-PD-1 antibodies. 
anti-PD-L1 antibodies, anti CTLA-4 antibodies, anti-LAG-3 antibodies). 


Vaccine therapy 

Cancer vaccines are a type of immunotherapy. Unlike vaccines that are 
used to protect people from disease, cancer treatment vaccines are for peo- 
ple who already have cancer. Therefore, the vaccines that treat existing can- 
cer, called treatment vaccines or therapeutic vaccines. They work to boost 
the body's immune system to fight cancer. Different treatment vaccines act 
through different mechanisms. 

‘The most commonly used vaccine therapy for cancer is a non-pathogenic 
bacteria called Bacillus Calmette-Guérin (BCG), which was made from the 
originally pathogenic Mycobacterium bovis at the beginning of 20th century 
against tuberculosis. This non-pathogenic bacterium is injected into the 
body (intravesically), which activates the immune system to treat early-stag 
bladder carcinoma, BCG treatment is currently the most common intravesi 
cal immunotherapy used for early-stage bladder carcinoma. 

Vaccines can also be made from cancer-specific antigens on the surface 
of cancer cells that healthy cells do not have. When a vaccine delivers these 
molecules to a person, the molecules act as antigens, and make immune sys- 
tem to find and destroy the corresponding cancer cells, 

Some cancer vaccines can be personalized. This means that they are 
made for just a particular patient. This type of vaccine is produced from 
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samples of the patient's tumor that are removed during surgery, Other cancer 
vaccines are not personalized and target certain cancer antigens that are not 
specific to an individual person. Therefore, these vaccines are given to pa- 
tients whose tumors have those antigens on the surface of the tumor cells, In 
2010, the FDA approved sipuleucel-T (Provenge) for people with metastatic 
prostate cancer. Sipuleucel-T is tailored to each person through a series of 
steps. 


CAR T-cell therapy 

CAR (chimeric antigen receptor) T-cell therapy is a type of immunother- 
apy when T cells are obtained from patient, which are taught to recognize 
cancer cells and to destroy them. In other words, T cells are taken from the 
patient's blood and are changed in the laboratory through adding a gene for a 
receptor (called a chimeric antigen receptor), which helps the T cells attach 
to a specific cancer cell antigen. The CAR T cells are then return back to the 
patient's body, which find and destroy all the cells with that biological code. 
‘These engineered specific T-cells live on in the body as a permanent defense 
long afier the cancer is gone. 

Since different cancers have different antigens, each CAR is designed for 
a specific cancer's antigen. As an example, in certain kinds of leukemia or 
lymphoma, the cancer cells have an antigen called CD19. The CAR T-cells 
attach to the CD19 antigen and will not act against other malignancies that 
do not have the CD19 antigen. 

It should be noted that despite the introduction of wide armamentarium 
of novel treatment methods, surgery, chemotherapy and radiation therapy 
remain the backbone of treatment for most cancers. 


LOCAL ABLATIVE THERAPY, 


Local ablation of the tumor is a type of anticancer treatment that destroys 
tumor cells by various means. This approach can be used for primary and 
secondary malignancies in different organs; cutaneous and visceral malig- 


nancies. Ablation of the tumor is implemented : thermal 
via heating (radiofrequency, microwave, laser, high-intensity focused ultra- 
sound) or freezing (argon, nitrogen). chemical (ethanol, ace! j, chemo- 


therapeutic (chemotherapeutic agents): radiation (radioactive isotopes), ete. 

Local ablative treatment (LAT) for visceral organ (the liver, lung, kid- 
ney) malignancies is mostly used for radical-intent treatment and is used as 
an alternative approach for patients who are not candidate to radical-intent 
surgery for different reasons (due to comorbidity, ingness to undergo 
surgery, etc.). LAT is commonly performed in outpatient setting and the 
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treatment is generall 
with conscious sedation, although 
many centers prefer use general an- 
aesthesia, 

LAT for liver malignancies has 
the advantages of preserving the un- 
involved liver parenchyma, has no 
systemic si cts in contrast to 
systemic medical therapy and also 
avoids the morbidity and mortality 
oof major hepatic surgery. 

Among ablative therapies, ra- 
diofrequency ablation (RFA) has 
gained a pivotal role due its effica- & 
cy. The mechanism of RFA effect eee Schematic description of RFA of 
relies on the destruction of tumor SSF 
tissue by the radiofrequency-generated heat, The injury is due to frictional 
heat produced by the ionic agitation of particles within tissue as a result of 
the application of alternating current (200-1200 MHz) transmitted by a nee- 
dle electrode placed under imaging guidance (usually US or CT) (Figure 
5.3). When the temperature in the tissue reaches 60 °C. instantaneous pro- 
tein denaturation occurs. which leads to cell death. RFA is used for small 
primary (<3.0) and metastatic (up to five lesions) liver and lung tumors, 
primary adrenal and kidney tumors. RFA should be aimed to ensure destruc- 
tion not only of the tumor tissue but also of a surrounding margin (about 1.0 
em) in order to ablate possible microsatellites, thus preventing local recur- 
rence, In cases of larger tumors, multiple electrodes can be applied to 
achieve a broader ablation zone and allow ablation of tumors up to 4.0-5.0 
em, One of the main technical concerns of RFA is that tumor nodules close 
to major vessel are considered a suboptimal target and constitute a relative 
contraindication for RFA. because of “heat-sink effect”, In other words, in 
tumors close to major vessels the dissipation of the thermal output by blood 
flowing through adjacent vessels occurs, thereby, decreasing the efficacy of 
the procedure 

Microwave ablation (MWA) is the most recent technique of tumor abla- 
tion. This technique allows for flexible approaches to treatment, including 
percutaneous, laparoscopic, and open surgical access. Under imaging guid- 
ance (US, CT or MRI), the tumor is localized, and a thin (14.5-gauge) mi- 
erowave antenna is placed directly into the tumor tissue. A microwave gen- 
erator emits an electromagnetic wave through the exposed, non-insulated 
portion of the antenna. MWA utilizes much higher frequency electromag- 
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netic radiation, typically 900 MHz to 2.5 GHz, Electromagnetic microwaves 
agitate water molecules in the surrounding tumor tissue, producing friction 
and heat, thus inducing cellular death via coagulation necrosis. The main 
advantages of microwave technology, when compared with other existing 
thermoablative technologies, include consistently higher intratumoral tem- 
peratures, larger tumor ablation volumes, faster ablation times, and less sus 
ceptibility to the "heat-sink effect". MWA has promising potential in the 
treatment of primary and secondary liver lesions, primary and secondary 
Jung malignancies, renal and adrenal tumors, and bone metastases. Unlike 
radiofrequency, microwaves are capable of spreading through and effective- 
ly heating many types of tissue, even those with low electrical conductivity, 
high impedance, or low thermal conductivity. For example, bone and lung, 
are two tissue types that have been associated with suboptimal outcomes or 
local progression with radiofrequency ablation due to high baseline imped- 
ance. Multiple microwave antennas can be powered simultaneously to take 
advantage of thermal synergy when placed in close proximity, or widely 
spaced to ablate several tumors simultaneously. 

Laser thermal ablation (LTA) is another hyperthermia-based percutane- 
ous ablation technique, which uses laser optical fibers to deliver high-energy 
laser radiation to the tissue. Light is delivered via flexible quartz fibers with 
a diameter from 300 to 600 um. Because of light absorption, temperatures of 
up to 150 °C are reached (temperatures above 60 °C are known to cause rel- 
atively instantaneous cell death), leading to coagulative necrosis. Lasers 
with a wavelength of 800-1064 nm are most commonly used, as penetration 
of light is optimal in the near infrared spectrum. LTA is by far less investi- 
gated and used than RFA and MWA, but the available data on its effective 
ness and safety are quite good. LITA has more advantages than other abla- 
tive techniques, including the lower risk of bleeding, infection or injuries of 
adjacent organs, which enable LTA to be beneficial for the treatment of 
small tumors adjacent to vital regions. LTA can be used for treating primary 
and secondary liver malignancies, Recently LTA has been increasingly ap- 
plied in the treatment of benign and malignant diseases of the thyroid, as 
Well as lung cancer (primary and metastatic) and adrenal tumors. Laser pho- 
tocoagulation is also used in the treatment of retinoblastoma and cutaneous 
lesions. 

High-intensity focused ultrasound (HIFU) ablation is being promoted as 
the only completely noninvasive and extracorporeal technique that is capa- 
ble of producing coagulative necrosis at a precise focal point within the 
body, without harming overlying and adjacent structures even within the 
path of the beam. This technique of tissue ablation is also known as 
MRgFUS (MRI-guided focused ultrasound) and FUS (focused ultrasound). 
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HIFU uses an ultrasound transducer, 
similar to the ones used for diagnos- 
tic imaging, but with much higher 
energy (Figure 5.4). The transducer 
focuses ultrasound waves to gener- 
ate heat at a single point within the 
body and destroy the target tissue. 
‘The tissue temperature can reach 65- 
95 °C in just 20 seconds. This pro- 
cess is repeated as many times as is 
necessary until the target tissue is 
completely destroyed. MRI images 
are used to plan the treatment and 
monitor the degree of heating in real Figure 5.4. Schematic description of HIFU 
time, ablation of liver cancer. 

‘Therefore, the fundamental principles of HIFU ablation are coagulative 
thermal necrosis due to the absorption of ultrasound energy during transmis- 
sion in tissue and the induced cavitation damage. The boundary between 
apparently totally disrupted cells and normal tissue is no more than 50 jum in 
width. Large blood vessels are probably less vulnerable to HIFU damage. 
presumably due to the blood flow dissipating the thermal energy from the 
vessel wall. However, lethal complications may develop if some major 
blood vessels adjacent to the tumors are severely damaged. Nevertheless, 
HIFU is a relatively safe method to ablate tumors in close proximity to ma- 
jor blood vessels, where surgical resection is often contraindicated and may 
be hazardous. In clinical practice, HIFU has been used to treat a variety of 
solid benign and malignant neoplasms in a well-defined volume, including 
the tumors of the pancreas, liver, kidney, prostate, breast, uterus, as well as 
soft-tissue sarcomas and bone tumors. 

Cryoablation refers to all methods of destroying tissue by freezing. Ci 
oablation can be performed via surgical (open or laparoscopic) or percuta- 
neous approaches, Percutaneous cryoablation is performed by inserting ery- 
oprobes into malignant tissue under imaging guidance (US, CT or MRI). 
Afler targeting the lesions with one or more cryoprobes, the cryoprobe is 
rapidly cooled, removing heat from the tissue by conduction via physical 
contact with the cryoprobe. The cryoprobe is essentially a high-pressure, 
closed-loop, gas expansion system. When the high-pressure room- 
temperature gas (typically argon) reaches the distal aspect of the cryoprobe. 
the argon is forced through a throttle (narrow opening) and then allowed to 
rapidly expand to atmospheric pressure. The rapid expansion of the argon 
causes a decrease in the temperature of the gas (the Joule-Thompson effect), 
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which is rapidly transferred by convection and conduction to the metallic 
walls of the cryoprobe, thereby, absorbing heat from the tissue and cooling 
the adjacent tissue in close proximity. As the tissue cools, it eventually 
forms ive erystals in the extracellular space, which results in cellular dam- 
age, death, and necrosis of tissue by direct mechanisms; and by indirect 
mechanisms, it causes changes to the cellular microenvironment and impair 
tissue viability, Afler the planned freeze volume (-40 °C) is attained, the 
cryogen flow is terminated and the frozen mass of tissue is allowed to thaw 
passively. Warming of the cryoprobe and thawing of the tissue is performed 
through the same system using high-pressure helium, which warms the ery- 
oprobe during expansion to atmospheric pressure. Slow thawing is more 
damaging than a rapid thaw. Therefore, using the heat function to assist or 
speed tumor thawing may be counterproductive as tissue adjacent to the 
cryoprobe has already received the maximal destructive consequences of the 
highest freeze rate, 

‘Although eryoablation has been used to treat malignancy in different or- 
gans, in current practice it is most commonly used in the treatment of liver, 
Kidney, lung, prostate, and breast malignancies as well as cutaneous lesions. 

Another commonly used ablation therapy is ethanol ablation, which 
gained popularity according to its advantageous features of cost effecti 
ness, ready availability, and rapidly ablation function. It requires no special- 
ized equipment, and can effectively treat relatively large lesions, This tech- 
nique employs direct injection of ethanol into malignant tissue to induce ne- 
crosis through protein denaturation, cell membrane lysis, cytoplasmic dehy- 
dration and vascular occlusion. While most commonly used to treat hepato- 
cellular carcinoma (HCC), ethanol ablation has also been successfully em- 
ployed in treatment of pancreatic tumors, adrenal metastases, etc. In the 
treatment of liver tumors, this therapy is fulfilled under US-guidance. In the 
recent years, ethanol ablation is also performed for pancreatic tumors (cystic 
tumors, neuroendocrine tumors) under the guidance of EUS. Currently, eth- 
anol ablation is most commonly used to treat HCC, with yielding 5-year 
survival rates comparable to surgical resection. Multipronged ethanol abla- 
tion with a high-dose strategy can be used to treat HCC up to 5.0 em in di- 
ameter effectively and safely, often in a single session. A shortcoming of 
ethanol ablation, however, is its reduced efficacy in treatment of non- 
capsulated tumors. 

As an alternative to percutaneous ethanol injection in the treatment of 
HCC, percutaneous acetic acid injection is also used. 

Another local ablative therapy for tumors that cannot be resected or treat- 
ed by RFA, is transarterial embolization (TAE), The basic rationale behind 
‘TAE is that HCC typically obtains a majority of its blood supply from the 
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hepatic artery while the liver tissue receives its blood supply from both the 
portal vein (supplies two thirds of the normal parenchyma) and the hepatic 
artery (supplies the remaining one third). Prior to embolization, an angi- 
ography is conducted to identify the artery that feeds the tumor, Emboliza- 
tion refers to the selective occlusion of blood vessels by agents such as gela- 
tin sponges, lipiodol or drug-eluting beads (DEBs). TAE may be performed 
with DEBs carrying chemotherapeutic agents such as doxorubicin, cisplatin 
or mitomycin C (known as transarterial chemoembolization or TACE) ot 
combined with radioactive isotope Yttrium-90 (*"Y) microspheres (known 
as transarterial radioembolization or TARE). 

Since embolization induces high levels of intratumoral hypoxia caused 
by vascular occlusion, and since hypoxic HCC cells are known to be re- 
sistant to chemotherapeutic agents such as doxorubicin, and ionizing radia- 
tion, it may be argued that in some cases, the lack of response to TACE or 
‘TARE is a result of potential antagonism between them. 

Although clinical trials have demonstrated a survival benefit in patients 
with unresectable HCC when treated with TACE or TARE, these techniques 
remain palliative, rather than curative, and the probability of long-term sur- 
vival remains poor due to local and/or regional recurrence, as well as distant 
metastases. 

Local tumor destruction can also be provided by photodynamic therapy 
(PDT). This therapy can preserve uninvolved tissue, thereby, minimizing 
any functional deficit caused by tumor ablation. Unfortunately, the photo- 
sensitizing agents currently available are insufficiently selective to prevent 
normal tissue damage and patients must be protected from exposure to sun- 
light for several days. 

PDT is a technique that use specific wavelengths of light to photoexcite 
porphyrins that have been applied to neoplastic and preneoplastic cells. This 
increased energy is rapidly absorbed by adjacent tissue oxygen, causing the 
formation of singlet oxygen radicals, which rapidly react with adjacent tis- 
sue and destroy it, Hexyl aminolevulinate (hexyl ester of S-aminolevulinic 
acid) is the only FDA-approved photoreactive molecule for PDT in the 
United States, Other photosensitizing agents are also used for this purpose: 
S-aminolevulinic acid (ALA) or methyl aminolevulinate (MAL). Photosen- 
sitizing agents are administered orally or parenterally, as well as applied 
topically, and localize into tumor cells before activation by exposure to 
light: it is photoactivated with blue light for 1000 seconds after 1 hour of 
incubation. The light used in PDT cannot pass through more than about 1.0 
em of tissue. Therefore. PDT can only be used to treat tumors that are on or 
just under the skin or on the lining of internal organs or cavities. The effica- 
cy of PDT is usually low. and this type of treatment is frequently palliative. 
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PDT limits damage to healthy cells because the photosensitizing agents 
tend to localize into abnormal cells and the light is focused directly on them. 
PDT does not cause scarring, which makes it good for people with skin car- 
cinomas and precancerous lesions. Nevertheless, PDT may cause local ede- 
‘ma, erythema, blistering, and ulceration, but the final cosmetic effect is 
good. It should be noted that due to lack of tissue memory for PDT (unlike 
radiotherapy), this treatment can be repeated several times if needed. 

‘There are ongoing researches to develop a new type of PDT called pho- 
toimmunotherapy (PIT), when a photosensitizing agent is combined with an 
immune protein that delivers the photosynthesizing agent to cancer cells. 
When light is applied, the photosynthesizing agent kills the cancer 
cells. This approach can ensure more selective effect of PDT. 

PDT was approved to treat actinic keratosis, Barrett esophagus, ad 
vanced cutaneous T-cell lymphoma, cutaneous BCC, early cutaneous S 
pharyngeal carcinoma, non-small cell lung carcinoma. PDT is also used to 
relieve symptoms of some cancers, including obstructing esophageal or non- 
small cell lung carcinoma. 


PALLIATION 


Almost all patients with incurable cancer experience life-threatening 
complications or troublesome symptoms during the course of or af the ter- 
minal stage of the disease. For reducing the suffering caused by cancer and 
improving the quality of patient's life, treatment is given, which is known as 
palliative treatment. Palliative treatment can be used at any stage of the dis- 
eases depending on patient's age, performance status and comorbidities. 

Depending on the location of primary tumor, the site(s) of metastasis, dif 
ferent ways of palliation can be used, which include not only medical treat- 
ment, but also surgery, radiotherapy, chemotherapy, hormone therapy, LAT, 
ete, 


Pain relief 


Between 60% to 80% of cancer patients with terminal disease will re- 
quire pain management. Furthermore, cancer pain is either not diagnosed or 
inadequately treated in approximately 40% of patients. Often, pain occurs 
much earlier than in the terminal stage, intermittently throughout the course 
of the disease. Direct tumor invasion is the most common cause of the pain, 
which is present in approximately in two-thirds of those with pain from tu- 
mor or its metastasis, with bone involvement in about one-third of those. 
Pain sensation in cancer patients is generated either by stimulation of pe- 
ripheral pain receptors or by damage to the peripheral nerve trunks or plex- 
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us, or CNS. Peripheral nerve receptors can be stimulated by compression, 
pressure, traction, and by disease-related chemical alterations; pain caused 
by those mechanisms is termed nociceptive pain. Usually, nociceptive pain 
is relieved by removal of stimulus or by treatment with analgesics or inter- 
ventional techniques. 

Pain produced as a result of damage to peripheral or visceral nerve trunks 
or plexus and to CNS is called neuropathic pain. Treatment of neuropathic 
pain is problematic, Neuropatic pain is less responsive to opioid analgesics 
and requires the use of other pharmaceutical agents 

‘The WHO recommends a three-step "analgesic ladder” strategy for can- 
cer pain treatment in adults: for mild pain, a non-opioid analgesic (aceta- 
minophen, aspirin, another NSAID) can be used with such adjuvant drugs as 
antidepressants, antiepileptics, ete.; for moderate pain, a weak opioid alone 
or in combination with NSAIDs is recommended, again adding the afore- 
mentioned adjuvant drugs; for severe pain, strong opioid in conjunction with 
aforementioned combined regimen. 

‘Transdermal fentanyl and buprenorphine, which is given as a small 
patch, are extremely effective for management of cancer patients experienc 
ing moderate to severe pain. They provide slow, rate-controlled delivery of 
analgesia and stable plasma concentrations, resulting in more effective anal- 
gesia and fewer adverse effects. Transdermal opioids reduce the need for 
frequent dosing. and are more convenient for healthcare professionals, pa- 
tients and their carers, with increasing rates of treatment compliance. 

Cancer pain can be difficult to manage with pharmacologic treatment. 
Chemical neurolysis is a commonly used and versatile tool in cancer pain 
‘management. Common agents used for chemical neurolysis include ethanol 
50-100% and phenol 5-10%. Target sites for chemical neurolysis may in 
clude superior hypogastric plexus, celiac plexus, lumbar sympathetic chain, 
ganglion impar (Walther ganglion), peripheral nerves, etc. This procedure 
can be performed under the guidance of US or CT, or intraoperatively. 

Managing cancer pain, which is refractory to conventional treatment, 
continues to be a serious problem for people who are suffering from a ma- 
lignaney. Therefore, neuroablative procedures (neuroablation), which were 
once a mainstay in treating intractable cancer pain, are again on the rise. ‘The 
decline in the use of neuroablation was concurrent with the discovery and 
increased utilization of opioids through multiple formulations and routes. 
‘Throughout its history, popularity of those procedures has waxed and 
waned. 

While the general trend in the last few decades of the 20th century has 
been a departure from ablation of the nervous system, CNS ablation for can- 
cer pain has been reintroduced as a treatment option in some instances. 
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‘There are several reasons for this resurgence: 1) at present, the current 
WHO three-step “analgesic ladder" does not adequately control pain in 
‘many patients; 2) the increase in concern about opioid-induced hyperalgesia, 
Which has also become more evident given the current opioid crisis, 3) the 
need for development of cost-effective procedures across patient popula- 
tions; 4) the possibility of performing neuroablation in newer technologies 
such as laser ablation or RFA. Different neuroablative procedures have been 
used: thizotomy, DREZotomy (dorsal root entry zone ablation), thala- 
motomy, mesencephalotomy, cordotomy. 

Cordotomy (percutaneous spinal cord ablation) is the most commonly 
recommended procedure. CT-guided cordotomy indroduced in three dec- 
ades ago, greatly reduced the invasiveness of these procedures, contributing 
to its popularity. ‘There are no reported mortalities associated with CT- 
guided cordotomy (unlike fluoroscopy-guided, which is associated with 7- 
8% mortality rate). Cordotomy was found to be most effective in unilateral 
neuropathic pain. Malignancies that produce this type of pain were most 
commonly treated using cordotomy. For well-localized neuropathic cancer- 
related pain intractable to medical or first-line surgical management, 
DREZotomy is also a treatment option. 


Undernutrition and nutritional interventions 


Undernutrition and cachexia are one of the most common complications 
associated with malignant diseases. Undernutrition refers to insufficient in- 
take of energy and nutrients to meet an individual's needs to maintain good 
health, In most literature, undernutrition is used synonymously with malnu- 
trition. In the strictest sense, malnutrition denotes both undemutrition and 
overnutrition. Cancer cachexia is a syndrome characterized by anorexia, ear- 
ly satiety, progressive weight loss, and asthenia accompanied by depletion 
of adipose tissue and skeletal muscle and resultant visceral organ atrophy. 

Undemnutrition is observed not only in patients with terminal stage of 
cancer, but also can be seen in patients first diagnosed with malignant neo- 
plasia, Anorexia and early satiety, often reported by cancer patients, leads to 
undernutrition and progressive weight loss. On the whole, 30-80% of pa- 
tients who are first diagnosed with malignant tumors, report a Weight loss of 
varying severity. Undemnutrition is a major clinical problem not because it is 
associated with weight loss, but because undemourished patients do not tol- 
erate anticancer treatment well, and the treatment is associated with an in- 
creased rate of complications. 

In conjunction with anorexia and early satiety, progressive division of 
cancer cells that uptakes large amount of energy from the body. is the cause 
of undernutrition and cachexia in cancer patients. Rapid proliferation of 
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cancer cells leads to the competition for energy sources between the body 
and malignant tumor, which leads to more progressive weight loss in an al- 
ready undernourished patient. It is important to note that in patients with 
gastrointestinal malignancy, in addition to the stated above factors resulting 
in cachexia, obstructive complications (dysphagia, odynophagia, nausea, 
vomiting) play a major role in undernutrition and cachexia, Moreover, fistu- 
las may arise at any point of the gastrointestinal tract as a result of local tu- 
mor effects or antineoplastic therapies, and cause diminished nutrient intake, 

Cancer patients experience changes in carbohydrate, lipid, and protein 
metabolism. The complex interrelated metabolic alterations in cancer pa- 
tients can result in diminished protein synthesis, increased proteolysis, in- 
creased use of protein as a substrate, tumor-host competition for amino ac- 
ids, negative nitrogen balance. It is hypothesized that tumor-related catabol- 
ic factors constitute the main mechanism, by which metabolism is altered. In 
the chronic fasting state, in people without cancer, adipose tissue becomes 
the body's primary source of energy. with released free acids being convert- 
ed for use as ketone bodies. This process results in conservation of muscle 
mass. However. in cancer patients, loss of adipose tissue and muscle mass 
‘occurs in equal amounts. 

‘The pharmacologic agents available to treat cancer cachexia can be di- 
vided into two different classes. according to their mechanisms of action. 
The first group is megestrol acetate and medroxyprogesterone acetate, 
which are synthetic derivatives of the hormone progesterone. Traditionally, 
megestrol acetate has been used in the treatment of advanced breast and en- 
dometrial carcinomas. The side effect of this treatment was improvement in 
appetite and weight gain. It should be noted that weight gain seen in cancer 
patients following the mentioned progestins is due primarily to an increase 
in adipose tissue, with no gain in lean muscle mass. Megestrol acetate is 
administered starting at 160 mg/day in divided doses and most responses 
occur within two weeks; higher doses may be needed in initial nonrespond- 
ers, With regard to medroxyprogesterone acetate, the effective dose that has 
been shown to improve appetite and to increase weight gain is 1.000 mg/day 
in divided doses. 

‘The second group is beta-9-tetrahydrocannabinol, which is a natural 
agent derived from Cannabis sativa (marijuana), commercially known as 
dronabinol, This drug increases appetite and decreases nausea and vomiting 
sociated with cancer chemotherapy. Initial starting dose is 2.5 mg admin- 
istered orally twice daily before meal: higher doses up to 20 mg/day may be 
needed. 

Four levels of nutritional intervention may be applied to patients with 
malignant tumors: dietary counseling, supplemental oral feeding, enteral 
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support, and total parenteral nutrition (TPN). The level of nutritional sup- 
port needed is highly variable and depends on a patient's nutritional status, 
the location of primary tumor and its extent, the antineoplastic therapy di- 
rected against the disease. Although survival of cancer patient may not be 
improved by nutritional support, it can enhance the patient's quality of life 
and allows for improved tolerance to antineoplastic therapy. 

‘The enteral route of nutrition always is preferable to the parenteral. 
teral feeding maintains the functional morphology of intestinal mucosa and 
carries less morbidity compared with parenteral feeding. In addition, enteral 
feeding is less expensive. The enteral route of feeding using a tube should 
be considered when patients have a functional gastrointestinal tract, but 
cannot or will not eat. Access to the gastrointestinal tract may be obtained 
by various options depending on the cause of impossibility of oral feeding 
and an estimated period of enteral feeding. Nasoenteric feeding tubes are 
appropriate when the anticipated period of use is less than 4 weeks. If the 
need for enteral support is anticipated for longer than 4 weeks, the following, 
options should be considered: tube-gastrostomy or tube-jejunostomy, which 
can be performed via percutaneous endoscopic approach, laparoscopically 
or surgically. 

When the impossibility of oral feeding is due to obstructing tumor of the 
upper gastrointestinal tract, the following procedures can be applied: esoph- 
ageal stenting (in esophageal carcinoma, carcinoma of esophagogastric 
junction), gastroenterostomy (in gastric antrum carcinoma complicated with 
pyloric stenosis), tube-gastrostomy (in esophageal carcinoma, carcinoma of 
esophagogastric junction), tube-jejunostomy (in esophageal carcinoma, car- 
cinoma of esophagogastric junction, gastric antrum carcinoma, duodenal 
carcinoma). 

‘TPN should be considered in patients only when the enteral route is not 
feasible, However, the negative impact of TPN on quality of life, its adverse 
event profile, and its cost all suggest that this intervention must be used rea- 
sonably in cancer patients. TPN is not indicated in those terminally ill pa- 
tients with advanced stage of disease. 


Palliation for complications in different systems 


In advanced and metastatic stages of malignant tumors, various compli- 
cations can develop in different systems, including cardiovascular, respirato- 
ry, gastrointestinal, and genitourinary systems. 

Malignant pericardial effusion and resultant cardiac tamponade is the 
most common cardiovascular complication developing in patients with ad- 
vanced or metastatic cancer. The severity of cardiac tamponade depends on 
the rate of pericardial fluid formation and the volume of fluid collected. A 
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clinically significant decrease in cardiac output is an indication for emer- 
gency pericardiocentesis before initiating definitive local therapy to prevent 
recurrent tamponade. Therapeutic options depend on the primary tumor's 
sensitivity to systemic chemotherapy, hormonal therapy, or radiotherapy as 
Well as on prior treatment and life expectancy. Pericardial window: 
rosing agents, radiotherapy, effective systemic chemotherapy, pericardec- 
tomy can all yield satisfactory long-term palliation in selected patients. 

‘The superior vena cava (SVC) is easily compressed by adjacent, expand- 
ing masses. When obstructed (this condition called superior vena cava syn- 
drome), venous blockage produces pleural effusions and facial, arm, and 
tracheal edema; brain edema can also develop with severe SVC obstruction, 
causing neurologic (general and focal) symptoms and signs. More than 75°% 
of cases of malignant SVC obstruction are secondary to advanced lung can- 
cers, 10-15% of cases are due to mediastinal lymphomas, most often diffuse 
large-cell subtypes. Only a small percentage of patients with rapid onset of 
SVC obstruction are at risk for life-threatening complications. Emergency 
treatment is indicated when there are signs of brain edema, decreased cardi- 
ac output or signs of upper-airway edema. In such circumstances, intralu- 
minal stent placement may effectively and immediately restore blood flow 
and is often used prior to. or in conjunction with radiotherapy. Most patients 
With non-life-threatening malignant SVC obstruction are treated with radio 
therapy with or without stent placement. Radiation therapy has traditionally 
been given in high daily fraction (4.0 Gy for three days, followed by 1.5-2.0 
Gy per day. in a total dose of 30-50 Gy). The radiation dose depends on tu- 
mor size, its radiosensitivity, and a probability of achieving a response with 
systemic therapy. Chemotherapy alone may be preferable to radiation for 
patients with disseminated or highly chemosensitive disease if a prompt re- 
sponse is anticipated, 

Airway obstruction secondary to malignancy must be treated promptly to 
prevent respiratory distress, postobstructive pneumonia, and/or irreversible 
lung collapse. Airway obstruction is usually caused by primary laryngeal 
endotracheal or endobronchial tumors, but rarely may also be due to ex- 
traluminal compression secondary to parenchymal tumor or enlarged lymph 
nodes. Only 2% of malignant tumors can develop significant endobronchial 
metastasis, Substantial upper-airway obstruction requires immediate treat- 
ment to prevent respiratory failure and death. A low tracheostomy is most 
commonly performed if the obstruction is in the hypopharynx, larynx, or 
upper one-third of the trachea. In highly selected patients, endoscopic laser 
debulking (ablation) for malignant central airway obstruction can also be 
performed successfully. Various endobronchial stents (silicone, metal, hy- 
brid models) can also be used to maintain airway patency. Once the airway 
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is secured, most patients are treated with emergency radiotherapy: EBRT as 
well as high-dose endobronchial irradiation. Often high doses of cortico- 
steroids (dexamethasone, 10 to 16 mg a day) are administered to decrease 
edema during the initial days of radiotherapy. Patients with malignancies 
that are very sensitive to chemotherapy, such as SCLC or lymphoma, may 
have a prompter response with combination chemotherapy. 

Gastrointestinal complications of malignant tumors include acute bowel 
obstruction, diarrhea, and profuse gastrointestinal bleeding. Acute bowel 
obstruction and profuse gastrointestinal bleeding require prompt surgery and 
depending on the level of obstruction and location of primary tumor, 
comorbidities of the patient, different surgical procedures can be performed. 
Diarrhea in cancer patients is commonly related to therapy (chemotherapy, 
radiotherapy, surgery) o infectious complications. Rarely, diarthea can also 
be tumor-related secondary to gastrointestinal neuroendocrine tumors 
(ViPoma, gastrinoma, other APUDomas). Treatment options for diarrhea 
depend on its cause. 

Genitourinary emergencies constitute a substantial proportion of the com- 
plications observed in patients with cancer, especially in those with urogeni- 
ial malignancies. Some of these complications arise from direct tumor 
spread, while others are treatment-related complications resulting from sur- 
gery, radiotherapy. or chemotherapy. Complications secondary to tumor in- 
vasion that requires immediate treatment, include obstructive uropathy and 
bladder outlet obstruction. Genitourinary, gynecologic, and retroperitoneal 
malignancies can cause obstructive uropathy leading to hydronephrosis, and 
consequently to kidney injury. Patients with urinary obstruction often un- 
dergo placement of a percutaneous nephrostomy (PCN) tube or ureteral 
stent. In cancer patients, bladder outlet obstruction leading to urinary reten- 
tion can be secondary to malignancies (cervical cancer, vaginal cancer, rec- 
tum cancer, ete.) involving the bladder neck or prostate. Bladder outlet ob- 
struction can be managed by inserting a catheter through urethra into the 
bladder or creating suprapubic cystostomy (epicystostomy). Suprapubie eys- 
tostomy should be considered when urethral catheters are associated with 
discomfort or periurethral suppurative complications, especially in males. 
Suprapubic cystostomy is more comfortable, carries lower risk of infection, 
and avoid prostatic swelling. Patients are often effectively treated with a 
variety of pharmacologic agents (such as alpha-adrenergic receptor blockers 
or parasympathomimetic drugs) or by the initiation of chronic intermittent 
catheterization. 

Tumor lysis syndrome usually develops in patients with malignancies that 
are characterized by increased rate of cell tumover, or that are highly sensi- 
tive to antineoplastic therapies. Although, sometimes, it can occur sponta- 
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neously, the condition most frequently is observed as a complication follow- 
ing cytotoxic therapy that produces a rapid antitumor response. Rapid cell 
destruction increases uric acid production and results in hyperuricemia and 
uric acid crystal deposition in the urinary tract, which can lead to uric acid 
nephropathy. ‘The most common malignancies associated with tumor lysi 
syndrome are leukemia and lymphoma, but this condition has also been re- 
ported among patients with solid tumors (lung carcinoma, breast carcinoma, 
small cell tumors, ete 
‘Tumor lysis syndrome is characterized by hyperuricemia, hyperkalemia, 
and hypocalcemia. The primary goal of the treatment of this syndrome 
should be prevention of hyperuricemia and other associated metabolic 
disorder. The incidence of severity of hyperuricemic nephropathy have de- 
creased with prophylactic administration of allopurinol, vigorous hydration, 
and alkalinization of the urine. Therefore, patients at high risk should be 
administered the above-mentioned treatment for at least 48 hours prior to 
chemotherapy. Drugs that block tubular reabsorption of uric acid (aspirin, 
thiazide diuretics, probenecid as well as radiographic contrasts) should be 
avoided. Prior to chemotherapy. the serum uric acid level should be normal, 
the urine pH>7. and intravenous hydration should be given to ensure a high 
urine volume. To alkalinize the urine, intravenous sodium bicarbonate (100 
mEq/m) should be given daily. When urinary pH is >7.5. uric acid solubili- 
ty is maximal and it is not necessary to produce significant metabolic alka- 
losis, which may complicate the cl 


REHABILITATION 


People who have survived cancer may have emotional, cognitive, physi- 
cal, and social problems that affect their quality of life, regardless of cancer 
type they have been treated for. The physical and emotional effects of can- 
cer and its treatment may be very different from person to person, Cancer 
rehabilitation is a program for people who have undergone treatment for 
ive it. It is designed to help cancer survivors maintain and 
ical and emotional well-being, and return to daily activities as 
Well as occupational and social activities. Cancer rehabilitation is also avail- 
able before cancer treatment, 

More recent attempts to define cancer rehabilitation have proposed this 
definition: “a team approach to helping both the patient and family remain 
as independent as possible within the limitations of the disease, emotionally, 
spiritually, functionally, and socially throughout the continuum of care”. 

Cancer rehabilitation involves many types of specialists (oncologist, psy- 
chiatrist, cognitive psychologist, rehabilitation specialist, physical therapist, 
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occupational therapist, dietitian, ete.) working together to develop a personal 
rehabilitation plan that considers patients’ preferences, strengths and goals. 
‘The goal of cancer rehal 
* improve social, emotional, cognitive, and spiritual status: 
* improve nutritional status; 

help cancer survivors stay as active as possible and participate in work, 
family, and other life roles; 
reduce hospitalizations; 
reduce the side effects and symptoms of the cancer and its treatment; 
help keep cancer survivors independent as possible; 
improve quality of life of cancer survivors. 
‘To help attain these goals, cancer rehabilitation programs may include 
the followings: 
* using medicines and pain management techniques to reduce pain: 
= physical exercise programs to help build strength and endurance: 
* activities to improve movement and decrease sleep problems: 
= assistance with activities of daily living, such as eating, dressing, bathing, 
handwriting, cooking, and basic housekeeping: 
smoking cessation: 
stress, anxiety. and depression management: 
nutritional counseling: 
‘management of chronic diseases or complications secondary to cancer 
treatments; 
* patient and family education and counseling: 
* vocational counseling. 


COMPLICATIONS OF 


“ER-SPECIFIC THERAPY 


Despite the fact that antineoplastic therapies play an indispensable and 
major role in the cure of cancer patients, an "ideal" treatment modality (i 
‘one that guarantees long-term survival without short-term toxicity and long- 
term complications) does not exist. In other words, all antineoplastic thera- 
pies can also affect normal cells (especially on rapidly reproducing cells) in 
conjunction with malignant ones due to that various toxicities and chronic 
pathological conditions. even second malignant diseases can occur. 


Complications of radiotherapy 


In most of the cases, the side effects of radiotherapy are limited to irradi- 
ated tissues, and can be acute or chronic depending on the fraction size, total 
dose, age of patients, irradiated region of the body. ete. As does chemother- 
apy radiotherapy more severely affects rapidly reproducing tissue (e.g., gas- 
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trointestinal mucosa, bone marrow stem cells, hair follicles). Tissues that 
have a slower tumover rate (¢.g., connective tissue, muscle tissue) are less 
likely to manifest acute irradiation toxicity. Toxicity from irradiation may 
be increased in patients who also are receiving chemotherapy, concurrently 
or sequentially, 

All tissues in the body can accommodate a maximum tolerable dose of 
radiation, which is individual for different tissues, above which damage is 
inevitable. Radiotherapy can produce acute and chronic effects, which vary 
for each organ system. Acute effects are mostly related to parenchymal cell 
damage, while long-term changes are due to alterations in stroma and small 
vessels of irradiated organs. 


Acute effect of irradiation 

‘The risk and severity of acute radiation toxicity depends on several fac- 
tors as stated above as well as on the maximum tolerable dose of irradiated 
tissues. The esophagus and stomach can tolerate 30 to 40 Gy before symp- 
toms of esophagitis and gastritis occur. The bladder can tolerate higher total 
doses of radiation: on the whole, patients do not experience side effects until 
they have received 45 to 50 Gy of radiation to the bladder. Small intestine 
and lungs tolerate radiation exposure poorly. 

Acute effects of radiotherapy include fatigue (little is known about radia- 
tion-induced fatigue), skin reactions (redness, itchiness, dryness, temporary 
alopecia), oral cavity changes (taste alterations, mucositis, xerostomia, ody- 
nophagia), upper (nausea, vomiting. anorexia) and lower gastrointestinal 
alterations (diarthea), genitourinary tract effects (dysuria), pulmonary tox- 
icities (pneumonitis) and cardiovascular effects (acute radiation pericardi- 
tis), ete, Acute otitis extema, conjunctivitis can occur after radiotherapy for 
lymphomas or oropharyngeal c: 

To alleviate acute skin reactions, an oatmeal-based colloidal soap can be 
used on the affected area for several minutes before itis rinsed off. If itching, 
is severe, topical hydrocortisone lotion, aloe, vitamin E cream, or systemic 
medication (¢.g., diphenhydramine) may be required. 

Gastrointestinal toxicities after radiotherapy should be managed by ade- 
quate supportive care, which includes enteral nutritional support, and opio- 
ids in an attempt to maintain dose intensity throughout the entire radiation 
regimen, Gargling with baking soda or peroxide solutions or commercially 
available nonalcoholic mouthwashes may alleviate dryness and pain, Eso- 
phagitis or gastritis can be treated with antacids, sucralfate and topical anes- 
thetics as viscous lidocaine. Radiation-induced diarrhea can be managed by 
a variety of medications, including antispasmodic and anticholinergic agents 
to decrease bowel spasms. Diphenoxylate and loperamide can be used for 
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moderate diarrhea. Dietary changes should include a diet low in roughage, 
fat, and lactose. Eating small amounts of food at regularly scheduled inter- 
vals may be more acceptable than eating three large meals a day. If excess 
flatus or cramping is a problem, simethicone or activated charcoal products 
can alleviate gastrointestinal disorders, 

Because acute genitourinary tract effects can imitate an infection, the lat- 
ter must be excluded before proper treatment is administered. Pharmacolog- 
ic measures for genitourinary tox include such anticholinergics as oX- 
ybutynin chloride and such antispasmodics as phenazopyridine or flavoxate 
inydrochloride, Ibuprofen may help to relieve acute dysuri 

Radiation pneumonitis is typically manifested as a dry cough, low-grade 
fever, and dyspnea on exertion 6 to 12 weeks after radiotherapy is complet- 
ed. In most cases, radiation pneumonitis is self-limited and requires no spe- 
cific therapy. For more severe cases, systemic steroid therapy with predni- 
sone, 40 to 80 mg/day usually is helpful, but should be protracted and ta- 
pered slowly. 

Due to fact that cardiac muscle cells do not divide, they do not manifest 
acute changes readily, and thus, cardiac toxicity owing to irradiation is rarer 
compared to pulmonary toxicity. Usually. injury involves the pericardium, 
rarely myocardium; effects on the endocardium are rare. Acute radiation 
pericarditis is usually self-limited and responds to conservative therapy and 
NSAIDs. Acute myocardial infarction is rare. if occurs, seems to be associ- 
ated radiotherapy combined with cardiotoxic chemotherapy. 

Like cardiac muscle, striated muscle can tolerate relatively high doses of 
radiation, Acute effects of irradiation on striated muscle are very rare. In 
growing bones, however, irradiation can cause profound irreversible chang- 
es. Growth will be reduced in bones exposed to doses of >20 Gy. Whenever 
possible, the epiphyseal plate in long bones of growing children should be 
blocked to minimize this effect. 

‘The induction of sterility by radiation to the pelvis is age- and dose de- 
pendent in both men and women. Approximately half to two-thirds of men 
Who are sexually active prior to pelvic irradiation, will retain potency after 
EBRT. In young women, pelvic irradiation of 12 to 30 Gy (and even lower 
doses in women aged <40 years) will result in premature menopause. 

Bone marrow cells are very sensitive to the effects of radiation, and risk 
for development of myelosuppression is related directly to the amount of 
marrow in the irradiated field. Usually, bone marrow depletion within the 
radiation portal is transient under total doses of 40 Gy, and blood counts are 
affected significantly only when a large proportion of the skeleton is located 
within the radiation field. Concurrent chemotherapy affects the bone mar- 
row function more profound! 


140 


Bayramov RB ‘Textbook of Oncology 


Chronic effect of irradiation 
Late effects of irradiation on skin include telangiectasia, fibrosis, and 
even tissue necrosis that may result from changes in capillary permeability 
and connective tissue damage, although such reactions are uncommon. Per- 
manent alopecia can occur at higher doses of irradiation 
A significant proportion of patients (3% to 50%) received radiation ther- 
apy for head and neck tumors (lymphoma, oropharyngeal carcinoma, naso- 
pharyngeal carcinoma) can become hypothyroid. Serum levels of thyroid 
hormone and ‘TSH should be monitored and appropriate therapy should be 
administered. 

At higher doses of radiation, morphologic changes in the small bowel 
take place: villi become shortened, and the total epithelial surface is re- 
duced, as a result of which fat malabsorption occurs and bile salt reabsorp- 
tion in the terminal ileum is reduced secondary to that an excess of bile salts 
attains the colon, inhibiting water reabsorption and stimulating large bowel 
peristalsis. Moreover, injury to small bowel may result in mucosal ulcera- 
tion and stricture. Small bowel obstruction can occur as a result of progres- 
sive fibrosis and adhesion, although these effects are rare. Chronic injury to 
the large intestine is less common, as the colon can tolerate higher total dos- 
es of radiation than can the small bowel. The most common long-term ef 
fects of radiation, however, include increased frequency of bowel movement 
and radiation proctitis. 

Chronic changes in the bladder secondary to radiotherapy may develop 
after a dose of 65 to 70 Gy and usually are due to fibrosis, with diminished 
bladder capacity and the need for more frequent urination. The kidneys are 
among the most radiosensitive organs, and therefore, dosages must be lim- 
ited to 20 to 24 Gy to prevent chronic renal failure 

‘After a high-dose radiation to the lungs, in the long-term period, pulmo- 
nary fibrosis may occur, with symptoms of dyspnea and cyanosis, accompa- 
nied by corresponding radiographic changes, 

Chronic pericarditis due to irradiation is uncommon. Doses above 45 Gy 
may cause serious effect on myocardium, resulting in cardiomyopathy and 
symptoms of congestive heart failure, 

Late tissue changes in striated muscle may be manifested as loss of mus- 
cle bulk and fibrosis in the irradiated field. Aseptic necrosis in bones sec- 
ondary to radiotherapy is rare and can be observed with high doses. 

In addition to chronic changes in various organs, radiation can also result 
in development of radiation-induced cancer in affected organs a long period 
(usually 10 to 30 years) after radiotherapy 

‘The only long-term effect of radiation outside the area of treatment is 
some lingering mild fatigue, which typically fades within 3-6 months. 
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Complications of chemotherapy 


Chemotherapy is one of the backbone therapeutic modalities (in conjune- 
tion with surgery and radiation therapy) in cancer treatment, The main ad- 
vantage of chemotherapy over surgery and radiotherapy is that chemothera- 
py effects also systemically, providing locoregional and systemic control. 
‘The major limitations of chemotherapy are the development of drug re- 
sistance and toxie side effects. The dose of chemotherapeutic agents is criti- 
cal to a substantial tumor response and the dose is correlated with rate and 
severity of toxic effects. If these drugs are given in reduced doses or on an 
tunsystematic and incomplete schedule, they will cause toxicity without 
meaningful benefit 

Most chemotherapeutic agents disrupt DNA synthesis mechanisms. Not 
surprisingly, therefore, the majority of acute side effects of chemotherapy 
are expressed in areas of the body where cell tumover is rapid. These areas 
include gastrointestinal mucosa (including oral mucosa), the Sertoli cells of 
the testis, the hair follicle, and the replicating blood cells in the bone mar- 
row. A second category of toxicities includes various poorly understood ef 
fects on parenchymal tissues of organs (e.g., the lung, liver, heart, kidney). 
Often, toxicities due to chemotherapy is exacerbated by concomitant 
comorbidities or by administration of other therapies. For example, the mye- 
losuppression produced by chemotherapy agents is much more severe in 
patients who previously have undergone radiation to fields that include large 
volumes of bone marrow. Likewise, in patients in whom radiation therapy 
has involved the mediastinum and myocardium, cardiomyopathy may de- 
velop at lower dose of doxorubicin. In addition, medical conditions that in- 
terfere with metabolism (hepatobiliary disorders) or excretion (renal dys- 
function) of chemotherapeutic agents may increase their toxicities greatly. 
Drug interactions also are a factor: salicylates displace methotrexate from its 
binding sites on albumin and thus can increase toxicity of this drug. Chemo 
therapeutic agents may interact synergistically with therapeutic X-rays and 
UV light, For example, a “recall reaction” characterized by skin erythema 
and inflammation may be seen in patients receiving shortly after a course of 
chemotherapy; usually, this reaction is limited to the area of the body that 
had been irradiated previou: 


Cutaneous toxicities 

‘The cells of the germinal portion of hair follicles are rapidly dividing 
cells, and therefore, they are also damaged by chemotherapeutic agents that, 
leads to hair loss. This effect may involve the scalp hair, eyebrows, and axil- 
lary and pubic hair. Hair loss is much more common with certain agents 
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(e.g.. doxorubicin, paclitaxel, actinomycin D, ete.), but not universal, Some 
agents such as methotrexate, 5-FU, and cisplatin may cause mild thinning to 
partial hair loss, but rarely produce generalized alopecia. To note that hair 
loss with chemotherapy is reversible after treatment, However, even afler 
chemotherapy has been discontinued, hair grows rate becomes slower. Oc- 
casionally, scalp hair may regrow despite continued chemotherapy. 

In patients receiving chemotherapy, hand-foot syndrome (a syndrome of 
painful palms and soles) may develop, which has been described after ad- 
ministration of 5-FU, capecitabine, ete. It is reversible on cessation of pro- 
voking agent. 

Hyperpigmentation and hyperkeratosis are common during treatment 
with bleomycin. Bleomyein concentrates in the lungs (see below) and 
squamous epithelium and seems to have a unique predilection for the skin, 
especially affecting the dorsum of hands and feet, and areas of local trauma, 
‘These skin changes can be highly symptomatic, disfiguring, and ineapacitat- 
ing. However, the changes slowly reverse when an offending drug is discon- 
tinued. Hyperpigmentation of the skin also can be observed in patients treat- 
ed with other chemotherapeutic agents, including 5-FU. 


Gastrointestinal toxicities 


Ulceration of oral mucosa is one of the painful toxicities produced by an- 
tineoplastic chemotherapy. In patients with concomitant myelosuppression, 
mucosal ulceration can lead to more severe complications, including malnu- 
trition, sepsis and death. Typically, chemotherapy-induced oral mucositis is 
observed with such antimetabolites as 5-FU and methotrexate and with such 
antitumor antibiotics as doxorubicin, dactinomycin, and bleomycin. This 
complication occurs earlier than does myelosuppression, commonly four to 
six days after the start of chemotherapy. Attempts at symptomatic control 
include attention to good oral hygiene and use of a mixture of an antibiotic 
(tetracycline) and antifungal agent (nystatin) in a mouthwash, Local anes- 
thetics applied topically can ensure brief, partial relief. Typically, chemo- 
therapy-induced oral mucositis is self-limiting and reversible. 

One of the most frequent acute effects of chemotherapeutic agents is nau- 
sea and vomiting. Most of chemotherapeutic agents are effectors of vomit- 
ing, with different frequency and level of emesis; difference is also existing 
in whether they produce emesis by stimulating of receptors in the gastroin- 
testinal tract or in the CNS. ‘The emetic patterns seen in patients receiving 
chemotherapy are mostly acute emesis, anticipatory emesis and delayed em- 
esis. Of course, the other possible causes of emesis (increased intracranial 
pressure, sepsis. gastritis, bowel obstruction, etc.) should be excluded in pa- 
ing chemotherapy 
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Depending on chemotherapeutic agents used, different class of antiemet- 
ics are used in chemotherapy-induced vomiting. Ondansetron, the first drug, 
in the class of serotonin antagonists, block the action of serotonin in both 
central and peripheral pathways involved in nausea and vomiting. This 
agent can be used orally or intravenously, as a single agent or in combina- 
tion with steroids. The dopamine-receptor antagonist metaclopramide is ef 
fective for cisplatin-induced nausea and vomiting and can be given orally or 
intravenously, Usually, it is administered in high doses (2-3 mg/kg every 2- 
3 hours). Haloperidol and droperidol can also be used in some cases. Corti- 
costeroids effect by unknown mechanism and are given orally or intrave- 
nously. Most commonly dexamethasone is used for this purpose (in the dos- 
es ranging from 4 mg to 20 mg). It is most effective when combined with 
serotonin antagonists. 

Some chemotherapeutic agents are toxic to the liver in varying degrees. 
Mild effects may manifest themselves with elevation hepatic enzymes 
(ALT, AST, ALP) and bilirubin level, reflecting hepatocellular damage and 
liver function abnormalities: however. these alterations generally return to 
normal range once the affecting agent is withdrawn from the chemothera- 
peutic regimen. Some chemotherapeutic agents can also cause hepatic fibro- 
sis (¢.g., methotrexate) or intrahepatic cholestasis (e... 6-mercaptopurine). 


Genitourinary toxicity 

Some chemotherapeutic agents (cisplatin, methotrexate, streptozocin) 
cause major renal toxicity. Renal toxicity depends on the dose of the agent 
and the schedule of administration. Cisplatin is toxic to the renal proximal 
tubules and its toxicity may be potentiated by preexisting renal disease or by 
concurrent use of other nephrotoxic agents (e.g., aminoglycoside antibio- 
tics), Renal toxicity from cisplatin may be avoided by aggressive hydration 
With saline or mannitol; even with vigilant hydration, renal toxicity still oc- 
curs and approximately one-third of patients treated with cisplatin have tran- 
sient elevation of blood urea nitrogen. High-dose methotrexate can cause 
acute renal failure, although this complication can be successfully avoided 
by using hydration with alkalinization. Streptozocin adm 
ciated with acute tubular necrosis and renal tubular acidos 

Use of cyclophosphamide or ifosfamide can be associated with hemor- 
rhagic cystitis caused by excretion of the drugs’ toxic metabolites (acrolein) 
in the urine, which may be avoided with adequate hydration prior to admin- 
istration of these drugs. It should be noted that, despite this complication, 
administration of these agents is not associated with cumulative toxic effect, 
on renal function. Usually. cystitis caused by these agents is self-limiting 
and resolves within 2 to 6 weeks after cessation of the drug. In some cases, 
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emergency may be needed. Patients receiving cyclophosphamide 
(or ifosfamide) should be encouraged to drink adequate amount of liquid 
and to void frequently, especially at bedtime. The use of mesna (2- 
mercaptoethane sulfonate), a synthetic sulfhydril, reduces significantly the 
rate of hemorrhagic cystitis (but not eliminates) after the administration of 
high-dose cyclophosphamide or ifosfamide. 


Pulmonary toxicity and cardiotoxicity 

Although a number of chemotherapeutic agents may affect the lungs, 
pulmonary toxicity is seen most commonly with the use of bleomycin and 
nitrosoureas. Bleomycin concentrates preferentially in the squamous epithe- 
lium and lung tissue, After administration of bleomycin, a decrease in type I 
pneumocytes and changes in type II pneumocytes occur. 

Often, pulmonary toxicity secondary to bleomycin administration is man- 
iffested as a dry, hacking cough followed by dyspnea on exertion. The earli- 
est radiographic manifestations include fine, reticular bibasilar infiltrates 
that may progress to alveolar and al infiltrates and finally to int 
tial pulmonary fibrosis. Therefore, the major limitation of bleomycin thera- 
py is the potential for life-threatening interstitial pulmonary fibrosis (also 
called fibrosing alveolitis), which develops in up to 10 percent of patients 
treated with this drug. 

Bleomyein-induced lung toxicity is dose-related and increases signify 
cantly at doses of >300 units. The rate and severity of bleomycin-induced 
lung toxicity is higher in patients with risk factors, which include advanced 
age, pre-existing lung disease, and previous radiotherapy. Concurrent treat- 
ment with cyclophosphamide may increase the susceptibility of patients to 
pulmonary toxicity, Surprisingly, when bleomycin is administered by con- 
tinuous infusion, the risk of toxicity may be reduced. 

Doxorubicin and its related congener, daunorubicin, are the only chemo- 
therapeutic agents frequently associated with cardiac toxicity, which may 
limit their use, Acute effect on the heart, manifested by ECG abnormalities, 
may be seen up to 40% of patients treated with these drugs, Drug-induced 

iotoxicity ranges from occult changes in myocardial structure and func= 
vere cardiomyopathy and congestive heart failure that may result in 
cardiac transplantation or death. ‘The exact causal mechanisms of doxorubi- 
cin-induced cardiotoxicity remain elusive, making it difficult to predict or 
prevent its severe adverse event in individual patient. 

The total dose of doxorubicin administered is the major risk factor for 
development of drug-induced cardiomyopathy; others include, the schedule 
and dose of drug administration, age, pre-existing cardiac disease, prior me- 
dliastinal or left thoracic radiotherapy, and concurrent therapy with cytotoxic 
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drugs. Paclitaxel added to daunorubicin may result in a higher risk of cardi- 
omyopathy even at lower cumulative doses of daunorubicin. 


Myelosuppression 


Bone marrow suppression is the serious toxic effect of the majority of 
chemotherapeutic agents and typically is the dose-limiting factor. Chemo- 
therapy-induced myelosuppression commonly manifests as anemia, neutro- 
penia, thrombocytopenia, and/or lymphopenia. Most of the cases of death 
after chemotherapy usually results either from infection secondary to che- 
motherapy-induced leucopenia or from bleeding due to thrombocytopenia; 
both leucopenia and thrombocytopenia are the results of myelosuppression, 
‘The onset of myelosuppression varies depending on the drug: the cell eycle- 
specific chemotherapeutic agents affect the rapidly proliferating pool of 
blood precursors in the bone marrow (from myeloblasts to promyelocytes), 
which leads to a predictable decrease in the peripheral white blood cell 
count at approximately 10 to 14 days and then white count rapidly retums to 
normal range; other chemotherapeutic agents affect stem cells, leading to 
later myelosuppression and to a delay in the recovery of normal blood 
counts. In most cases, myelosuppression secondary to chemotherapy is rela- 
tively short-lived (3-5 days) and is self-limited. The incidence of severe in- 
fection rises dramatically when the absolute neutrophil count drops below 
1,000 cells/mm’, The hallmark of infection in neutropenic patients is fever 
(particularly 7-21 days after chemotherapy); but the other usual clinical 
manifestations of infection, such as erythema, pain, pulmonary infiltrates, 
pyuria are absent. Chemotherapy-induced myelosuppression is currently 
managed with chemotherapy dose reductions and delays, in addition to res- 
cue interventions that stimulate and mobilize white cells. 


Neurologic toxicity 

Despite most chemotherapeutic agents (especially, non-lipid-soluble 
drugs) cannot cross the blood-brain barrier, administration of some chemo- 
therapeutic agents may be associated with various types of neurotoxicity. 


Chemotherapy-induced neurotoxicities are usually temporary and resolve 
With cessation of the agent. 


related to vinca alkaloids, especially 
y induced by vincristine is dose-related and oc 
curs primarily as peripheral nerve dama loss of deep 
tendon reflexes, paraparesis, urinary retention, m: Cranial nerve 
palsy, autonomic neuropathy, and the syndrome of inappropriate antidiuretic 
hormone secretion (SIADH) is seen with high cumulative doses of vineris- 
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tine. Vineristine-induced neurologic toxi 
related, and reversible. 

Paclitaxel can cause neurotoxicity by demyelination of nerve fibers and 
disruption of microtubules in the neural tissue, Paclitaxel-induced neurotox- 
icity is dose-related and neuropathic signs with administration of high-dose 
paclitaxel may be observed in all patients 

Cisplatin and carboplatin primarily affect peripheral nervous system that 
result in a symmetric sensory neuropathy (burning sensations and numbness 
in toes and feet), especially at high cumulative doses. Cisplatin-induced 
neurologic toxicity includes also tinnitus and hearing loss, particularly in the 
high-frequency range. Tinnitus caused by cisplatin-related ototoxicity is 
dose-related and irreversible. Use of S-FU has been reported to induce cere- 
bellar ataxia, especially with long-term treatment schedules. 


y is typically symmetric, dose- 


Late toxicities of chemotherapy 


Improvements in the treatment of malignancies have increased the per- 
centage of cancer patients with long-term, disease-free survival. As a result, 
attention has focused on the late complications of chemotherapeutic agents 
affecting on the health and quality of life of the survivors. Two major com- 
plications that have emerged are gonadal injury and development of second 
primary malignancies. 

‘The degree of gonadal injury is related to patient's age and gender and 
the total dose of the drug administered. Age is important in that the gonads 
are extremely vulnerable to chemotherapy-related damage during puberty. 
Men and women differ in their sensitivity to chemotherapeutic agents: usu- 
ally men develop infertility (due to oligospermia), but retain normal Leydig 
ceil function (because cytotoxic drugs are more damaging to the sperm- 
producing germinal epithelium than to the Leydig cells, which are responsi- 
ble for male hormone production), whereas women may suffer impaired fer- 
tility and early ovarian failure. Despite alkylating agents (cyclophospha- 
mide, nitrogen mustard, melphalan, ete.) produce the most severe effects on 
gonads, different classes of drugs may have varied potential for producing, 
gonadal injury. Alkylating agents are known to cause ovarian damage simi- 
lar to that induced by irradiation, Depending on the total dose of the drug 
administered, young women usually recover normal ovarian function and 
fertility. Ovarian damage may be limited by the use of oral contraceptives 
during chemotherapy treatment. 

Despite the documented mutagenicity and teratogenicity of chemothera- 
peutic agents and their frequent adverse effects on gonadal function, the in- 
cidence of chromosomal and congenital abnormalities does not appear to be 
greater among the offspring of patients who have received chemotherapy. 
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Advances in treatment over the last several decades have resulted in im- 
proved survival for patients with many types of malignaney as stated above. 
However, survivors may be at increased risk of developing a subsequent 
treatment-related cancer. ‘The development of second primary malignancies 
(especially, MDS, AML, less frequently ALL) as a result of chemotherapy 
has become a significant problem, Time interval from the initiation of 
chemotherapy to the onset of leukemia is relatively short, about 3-4 y 
Combination of chemotherapy with radiation therapy (e.g,, in Hodgkin 
ease) can act synergistically to increase the risk for leukemia, Chemothera- 
py-induced leukemia is characterized by rapid progression to death within 
one to two months. Antileukemic therapy for chemotherapy-induced leuke- 
mia produces complete remission infrequently. Risk of leukemia develop- 

ally been described in patients received chemotherapy regi- 
ing alkylating agents. Despite the fact that chemotherapy- 
induced solid tumors are much fewer than acute leukemia, they have also 
been documented significantly. 

‘The risk especially is higher with alkylating agents (because alkylating 
agents damage the genetic material by cross-linking DNA during the resting 
phase of the cell eycle) and when chemotherapy was conducted in childhood 
or adolescence. Other chemotherapeutical agents that pose a risk for devel- 
opment of second primary malignancies include platinum compounds (cis- 
platin, carboplatin) and topoisomerase II inhibitors (etoposide, teniposide, 
mitoxantrone) 


Complications of hormone therapy 


Hormone therapy can be associated with various adverse effects. Women 
receiving hormone therapy (SERMs, Als) may experience different side ef 
fects: neurologic and psychiatric effects (depression, memory problems, 
headache), menopausal symptoms (hot flushes, sweating, vaginal dryness), 
gastrointestinal problems (diarrhea, constipation), musculoskeletal side ef- 
fects (arthralgia, osteoporosis), venous thrombosis (including pulmonary 
embolism), hair thinning and weight gain, Tamoxifen can cause osteoporo- 
sis in premenopausal women (not in those in postmenopause); hormone the~ 
rapy with Als, which is used in postmenopausal women, is also often as 
ciated with osteoporosis. For preventing osteoporosis, patients are recom- 
mended to use calcium and vitamin D supplementation, bisphosphonates. 

It should be noted that androgen deprivation therapy (ADT) can result in 
‘occurrence of numerous side effects, including gynecomastia, decreased li- 
bido, erectile dysfunction, metabolic syndrome, decreased lean body mass, 
osteoporosis, fractures, hot flashes, cognitive impairment, fatigue, anemia, 
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ete, Patients receiving ADT tend to gain weight, mainly due to increase in 
subcutaneous fat deposition. Patients undergone ADT should be periodically 
monitored for treatment-related anemia. The other main side effect associat 
ed with androgen receptor blockade is increased risk of seizure 

Rarely, long-term hormone therapy for malignancy can also be associ 
ated with an increased risk of another malignant tumor. By example, rece’ 
ing tamoxifen for breast carcinoma for about 5 years increases the risk of 
endometrial carcinoma by 2-4 times, It should be noted that treatment with 
tamoxifen increases the risk of endometrial carcinoma in postmenopausal 
women; in premenopausal women, this risk has not been proven. 


Complications of targeted therapy 


As mentioned above, targeted therapy agents include a large group of 
drugs with different molecular structure and effects; thus, adverse effects of 
targeted therapy vary depending on the used agent and combination with 
other therapies. In other words, when treating with targeted agents, some- 
times the “target” is found on some healthy cells as well, and side effects 
can happen 

Skin reactions are a common adverse effect of targeted therapy. These 
changes usually develop slowly over days to weeks afier the treatment was, 
initiated, in contrast to allergic reactions. which start suddenly, usually with- 
in minutes to hours after taking the drug. Skin reactions related to targeted 
therapy include various skin changes depending on drugs used: photosensi- 
tivity, rash (like acne or pimples), xeroderma, itching red, sore cuticles (the 
areas around the nails), hand-foot syndrome (a skin reaction on the palms 
and soles causing tendemess and blisters). Skin adverse events can also af= 
fect hair that include: changes in hair growth, structure (hair can become 
thin, dry, brittle, even curly), and color, which tend to go away once the 
treatment ends, 

Unique oral mucosal lesions can develop in association with administra- 
tion of TKIs and mTOR inhibitors, being seen most commonly with erlo- 
tinib, sorafenib or sunitinib, Oral mucosal lesions can also occur in patients 
treated with bevacizumab (VEGF inhibitor). 

Diarrhea is a common side-effect of targeted therapies, including TKIs 
and monoclonal antibodies. Erlotinib, sorafenib and sinitinib (as well as ge- 
fitinib, lapatinib) are also associated with a 2-8-fold higher risk of develop- 
ing diarrhea (all-grade or high-grade) compared with conventional regi- 
mens. Diarrhea is especially frequently associated with the use of EGFR 
‘TKls. When used in combination with chemotherapy, targeted drugs can 
cause more severe diarrhea. Patients treated with bevacizumab are also at 
greater risk of gastrointestinal perforations, which can be life-threatening. 
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Pulmonary toxicity is an infrequent adverse event with most commonly 
used targeted therapies. Gefitinib and erlotinib (EGFR TKIs) can cause in- 
terstitial lung disease, Imatinib and dasatinib (TKIs) can cause pleural effu- 
sions, Infusion-related bronchospasm is common with cetuximab and pani- 
tumumab (anti-EGFR monoclonal antibodies) as well as with rituximab, 
ofatumumab (anti-CD20 monoclonal antibodies), and alemtuzumab (anti- 
CD52 monoclonal antibody). Up to 15% of patients taking mTOR inhibitors 
et a reversible interstitial preumonitis, Peumonitis ean also be 


with SCC of the lung. It should be noted that most pulmonary toxicities 
from these therapies are mild and resolve promptly with dose reduction or 
discontinuation. 

Hypertension is a frequent adverse event of VEGF inhibitors, but its rate 
and severity vary with treatment agent. The overall rate of hypertension in- 
duced by bevacizumab, TKIs (sorafenib, sunitinil 
satinib) ranges from 10% to 65%. More severe hypertension (grades 3, 4) 
ranges from 3% to 20% among these agents. Patients with underlying hy- 
pertension appear to be more at risk for severe hypertension during cancer 
treatment than patients without a prior diagnosis of hypertension. Other se- 
rious and potential life-threatening effects include the risk of stroke in pa- 
tients treated with bevacizumab. Severe cardiac events can also be observed 
up to 4% of patients receiving therapy with trastuzumab (HER-2 targeted 
agent). 


‘Treatment with some ringed agents, including mTOR inhibitors (siro- 
limus, everolimus) and bevacizumab, is also associated with wound-healing 
complications. That is why, these drugs usually need to be stopped before 
any planned surgery, including dental procedures. 

‘Targeted drugs are newer, so not a lot is known about the risk of develop- 
ing second cancer yet. Vemurafenib and dabrafenib are drugs that target the 
BRAF protein, which used to treat melanoma. People treated with these 
drugs have a higher risk of cutaneous SCC. 


Complications of immunotherapy 


Acute toxicities from immunotherapy are seen frequently, and the risk 
and severity of adverse effects strongly are associated with the used agents. 
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‘These adverse events can occur in different organs, including skin, gastroin- 
testinal tract, liver, kidney and lung. 

Immunotherapy-related adverse events mostly occur within weeks to 3 
months after initiation of therapy with ICIs, although they can be reported 
Up to one year later after discontinuation of treatment. 

Immune-related adverse events from anti-CTLA-4 monoclonal antibody 
ipilimumab occur in 60-85% of appropriate patients, with 10-30% patients 
developing grade 3-4 toxicities. High-grade toxicities from anti-PD-1 mon- 
oclonal antibodies (nivolumab, pembrolizumab) are less common compared 
with ipilimumab. 

Skin reactions associated with immunotherapy can be classified into four 
categories: inflammatory (acute, subacute, and chronic) skin disorders, 
Which are associated with variable epidermal changes, including. psori- 
asiform and lichenoid reactions; immunobullous skin lesions, similar to 
dermatitis herpetiformis or bullous pemphigoid; keratinocyte alteration 
(acantholytic dyskeratosis/Grover's disease); alteration of melanocytes (re- 
gression of nevi, prurigo nodularis, tumoral melanosis and vitiligo) 

‘Skin adverse events are among the most frequent side effects in patients 
treated with anti-CTLA-4 or anti-PD-1 monoclonal antibodies and usually 
develop within the first few weeks of therapy. Serious skin reactions are rare 
and do not usually require dose reductions or treatment discontinuation. The 
most frequent skin reactions are rash, pruritus and vitiligo, the latter being 
seen mainly in patients treated for melanoma, where it is associated with 
good clinical responses to anti-PD-1 antibodies. 

For grade | and 2 skin adverse events, treatment with ICIs can be contin- 
ued and symptomatic treatment emollients, oral antihistamines, 
and/or mild-strength topical corticosteroids is recommended. Grade 3 and 4 
skin reactions require immediate interruption of treatment with ICIs and use 
of oral antihistamine and moderate-to-high topical corticosteroids is. rec- 
ommended. Although grade 4 skin reactions are rare event, the affected pa- 
tients should be placed under the supervision of dermatologists. 

One of the most frequent adverse events of immunotherapy is immune- 
related endocrinopathies. Thyroid dysfunction rate reaches up to 5% with 
ipilimumab treatment, 5-10% with anti-PD-1 and anti PD-L1 therapy, and 
up to 20% with combination immunotherapy (ipilimumab with nivolumab), 
Asymptomatic patients with hypothyroidism should be treated with thyroid 
hormones. In cases of symptomatic hyperthyroidism, beta-blockers (pro- 
pranolol or atenolol) should be initiated. Hypophysitis, an inflammation of 
anterior lobe of the pituitary gland, is reported in up to 16% patients treated 
with immunotherapy, depending on the dose of the drug and combination of 
the agents. Hypophysitis is associated with low blood levels of TSH and 
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ACTH, for which adequate hormone therapy should be conducted, Immuno- 
therapy-related de novo type 1 diabetes mellitus can occur in <1% of pa- 
tients, which is more common with anti-PD-1 and anti-PD-L1 monoclonal 
antibodies compared with ipilimumab, 

Hepatitis occurs in $-10% of patients receiving single-agent ipilimumab, 
nivolumab and pembrolizumab and in 25-30% of those receiving combined 
treatment (ipilimumab with nivolumab). Patients should be administered 
corticosteroid with discontinuation of ICIs in grade >2 hepatitis. 

Gastrointestinal toxicity is one of most frequent adverse events associat- 
ed with anti-CTLA-4, with diarrhea being reported in one-third of patients 
and colitis in 8-22% of cases. The onset of gastrointestinal symptoms may 
occur at any time during therapy. Patients with severe diarthea (grade 3 or 
4) should be treated with loperamide with adequate provision of water~ 
electrolyte balance by infusion. 

Immunotherapy-related pneumonitis occurs in 2-4% of patients receiving 
anti-PD-1 or anti-PD-L1 antibodies. Pneumonitis tends to occur later than 
other toxicities, commonly some months after the treatment was initiated, 
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EPIDEMIOLOGY AND STATISTICS 


Skin carcinoma is the commonest cancer worldwide. The true incidence 
and global statistics of this cancer are unknown because most of the Cancer 
Registries do not register non-melanoma skin cancers. An estimated 4 mil- 
lion new cases of skin carcinoma are diagnosed in the United States annual- 
ly. Despite the increased knowledge and public education regarding the 
causes of skin carcinoma and various developed effective modes of preven- 
tion, the incidence of skin carcinoma continues to rise worldwide: the global 
incidence is increasing by up to 10% annually. According to data, the inci- 
dence of squamous cell carcinoma (SCC) of the skin has increased by 3 
times in the last 3 decades. Despite the fact that some percentage of this rise 
can be relative due to global aging of population and improved detection, 
the main proportion of this increase is absolute and is linked with increasing 
of intensiveness and extensiveness of environmental factors, such as deple- 
tion of ozone layer and increasing use of tanning beds. 

‘The highest incidence of skin carcinoma is observed in Australia and 
New Zealand, where its incidence is 200-fold higher than that in India, The 
incidence of basal cell carcinoma (BCC) of the skin is 1.000-fold higher in 
Australia (about 1,000 new cases per 100.000 people per year) compared to 
that in Africa (approximately 1 new case per 100,000 people per year). The 
incidence of skin carcinoma is approximately the same in both sex groups 
below age 45 years, but above 45 years is 3 times higher among men com- 
pared to women. The lifetime risk for developing cutaneous SCC is 711%. 
Despite the extremely high incidence of skin carcinoma, it accounts for only 
1% of the cancer-related deaths globally. 


ETIOLOGIC FACTORS 
Intrinsic and environmental factors: 


Anyone, regardless of skin color can develop skin carcinoma. However, 
fair-skinned, blond, red-haired, blue-eyed people and the people who are 
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hardly tanned, or easily get sunburn following sun bath, have higher risk of 
developing skin carcinoma. The aforementioned group of people have low 
capability to produce eumelanin, which is more photoprotective than 
pheomelanin, Unlike eumelanin, which has black/brown color, pheomelanin 
is responsible for yellow to red hues of pigmentation. The ratio of these 
pigments are the major determinant of skin and hair color (see page 188). 

Exposure to UV radiation (exactly the B fraction of UV radiation, UVB, 
Which has wave length of 280-315 nm) is the major factor responsible for 
development of both types of skin carcinoma (see page 19); hence, 90% of 
cases skin carcinoma occur in the sun exposed areas of the body. People un 
dergo UVB exposure chronically spending lots of time in the sun or using 
commercial tanning beds. It should be noted that cloudy weather can reduce 
only 30% of UVB radiation. 

Non-organic arsenic exposure, which is found widely in the environ- 
ment, is one of the main carcinogenic factors for skin carcinoma. Higher 
exposure to arsenic compounds occurs when people use contaminated well 
water or artesian water. Contamination of drinking water is a major problem 
especially in Bangladesh and nearby regions of India (see page 545). Ac- 
cording to data, 40 million people are struggling from various disorders re- 
lated to chronic exposure to arsenic compounds (Figure 6.1). People are ex 
posed to arsenic compounds also due to occupation related to production or 
use of those chemicals (in agriculture and horticulture, as. herbicides, pes- 
ticides). About 60% of arsenic en- 
tered the organism is accumulated in 
the skin (mainly in the epidermis) 
and very slowly eliminated through 
the skin and nails. It should be noted 
that non-organic arsenic is convert- 
ed into methylated form, using S- 
adenosylmethionine as a substrate 
through cascade of enzymes. This 
process leads to depletion of S- 
adenosylmethionine, a depot of me- 
thyl group in the organism, subse- 
quently to hypomethylation of 
DNA, finally to carcinogenesis, 
Carcinogenic property of the arsenic 
is also related to its ability to pro- 
mote oxydative stress, accumulation 
of reactive oxygen species (ROS), 
Which facilitate genomic alteration. 
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Smoking is associated with an increased risk (by 2 times) of developing 
cutaneous SCC like SCC of other locations. 

Human papillomavirus (HPV) infection plays a great role in the devel- 
opment of SCC in various locations. This association is mainly related to 
HPVS, HPV8, HPV11, HPV16, HPV 18 types. 


‘More than 150 types of HPV are known HPV cannot reproduce on its own in the envi- 
ronment. To reproduce, like all viruses, it has to parasitize in the host cells. HPV affects 
the cells of the skin and mucous membranes (mouth, oropharynx, nose, larynx, esophi- 
Bus, genitals, anus). The infection usually causes no symptoms. Within 2 years, the hu- 
man body gets rid of even the most oncogenic types of the HPV (high-risk HPV types) in 
‘90% of cases. But immunity formed is unstable and reinfection is possible not only with, 
‘ther types of this virus, but also with the sume, previous one. In 10% of people, self- 
healing does not occur at all. 

‘The HPV is unstable in the external environment; therefore, infection occurs through di- 
rect contact with the skin und mucous membranes of # person infected with this virus; 
through common objects, through kisses, during sexual intercourse, and also during 
childbirth when the virus is transmitted from an infected mother to a newborn, Promiscu- 
‘ous sex leads to infection. Smoking. pregnancy. avitaminosis, immunodeficiency is pre- 
disposing factors, It should be noted that an infected person is dangerous to others only if 
there are growths on the skin and mucous membranes. During the incubation period of 
infection, the transfer of viruses is almost impossible. Getting into the human body, at the 
initial stage, HPV affects the basal cells of the epithelium. The penetration of HPV into 
the body is facilitated by microtrauma, abrasions, fissures and other skin damages. For 
Jong time, the virus can initially multiply without manifesting itself clinically (chronic 
carriage). If the virus multiplies in the superficial layers of the skin. then over time, even 
with chronic carriage of HPV. cell hyperplasia is observed. Primary changes on the skin 
begin to appear 1 to 6 months after infection. The concentration of the virus in the affect- 
‘ed areas reaches a maximum by the 6th month from the moment of infection, this period 
is the most contagious. Viruses do not affect the entire skin, but are localized in its specif- 
‘c-ateas, Transmission to other areas of the skin requires friction and touch. Spread to the 
‘mucous membranes is much easier and faster due to the high humidity on them, 

Not all types of HPV are dangerous in terms of carcinogenesis, but some 
types are responsible for the development of warts, papilloma, condyloma 
(genital), keratoacanthoma on the skin of various areas of the body: on the 
face, neck, hands and feet, in the armpits, in the groin, etc. Thus, each type 
of virus has its own “favorite” places on the mucous membranes and on the 
skin to cause characteristic lesions. When these neoplasms reach a large size 
or are injured by underwear or clothing, this leads to the formation of ulcers 
that do not heal for a long time, which can lead to the development of skin 
carcinoma. Several types of HPV cause precancerous epithelial lesions, in- 
cluding Keratoacanthoma (HPV9, HPVI1, HPV13, HPV16, HPV18, 
HPV24, HPV25, HPV33, HPV37, HPV57) and cutaneous SCC (HPV6, 
HPV11, HPV38, HPV41, HPV48). 

SCC of the genitals and anal area is strongly associated with HPV16 and 
HPVI8, which are sexually transmitted. SCC of the nail bed, subungual 
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(periungual) SCC in 50-60% of cases, is associated with HPV16. Subungual 
SCC mainly affects the thumb or big toe. 

The spectrum of cancer, which is seen in 40% of HIV-infected people in 
different periods after getting this infection, includes skin carcinoma as well. 
‘The risk of developing skin carcinoma is 2 times higher in HIV-infected 
people compared to the general population. Unlike the general population, 
among which cutaneous BCC/SCC ratio is 4 to 7, in HIV-infected people 
cutaneous SCC is seen 2 times more compared with BCC. ‘The mean age of 
the initial diagnosis of cutaneous SCC among HIV-infected people is 20-30 
years younger compared to that of the general population, With the wide 
implementation of highly active antiretroviral therapy (HAART), the risk of 
skin carcinoma among HIV-infected individuals has been decreased along, 
with Kaposi sarcoma and non-Hodgkin lymphomas. It should be noted 1 
HIV-associated cutaneous SCC is characterized by a more aggressive cli 
cal course 

Treatment with vemurafenib, an inhibitor of BRAF kinase, used in cases 
of BRAF V600 mutation-positive unresectable or metastatic melanoma (see 
page 210), can be associated with development of keratoacanthoma and cu- 
taneous SCC. Cutaneous SCC is reported to develop in 16-27% of the ap- 
propriate patients with a mean time to first onset of that being 7 weeks, 


Precancerous lesions and diseases 


Actinic keratosis, Bowen's disease, erythroplasia of Queyrat, kera- 
toacanthoma, skin growths (skin hom, skin tag, warts), chronic non-healing 
skin ulcers (venous leg ulcer, trophic ulcer, long-standing bedsore and other 
pressing ulcers), chronic cutaneous specific (cutaneous tuberculosis, lepro- 
sy) and non-specific inflammatory processes (cutaneous openings of osteo 
myelitis and urine fistulas, in the sites of skin allograft), skin scars (accom- 
panying bums, frostbite, radiotherapy, vaccination, dog and snake bites, 
etc.), autoimmune skin disorders (discoid lupus erythematosus, psoriasis) 
are the main precancerous pathological conditions associated with a varied 
degrees of risk for cutaneous SCC, BCC is rarely associated with the afore- 
mentioned skin lesions. 
Actinic (solar) keratosis is a local hyperkeratosis that develops in those 
areas of the skin that are constantly exposed to solar radiation. As a result of 
prolonged exposure to UV radiation, mutations occur in the DNA of 
keratinocytes, which further causes carcinogenesis. People with fair skin are 
most prone to developing solar keratosis. For obvious reasons, actinic kera- 
tosis is more often observed in people who due to their lifestyle or occupa- 
tion spend a lot of time in the sun. The disease usually develops in old age. 
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Often, actinic keratosis develops 
in people with albinism, or in areas 
of Vitiligo and other areas of depig- 
mentation against the background of 
chronic dermatitis, including myco- 
sis fungoides and discoid lupus ery 
thematosus, The symptoms of solar 
keratosis are the followings: in 
posed areas of the skin; on the face, 
on the nose and forehead, eyelids, 
temples and cheeks, as well as on 
‘the neck, forearms and back of the 
hand, spots or small papules appear 
from 2-3 mm to 2.0-3.0 om in diam- 
eter, which are closely adjacent to 
each other, almost merge together: 
their color is pale gray or dark 
brown: these rashes do not manifest 
any pain at all (Figure 6.2). 
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Figure 6.2. Actinic keratosis on the forehead 
jn an adult man, Carbotti M, Coppola 
R, Zanframundo S et al. Efficacy of ingenol 
mebutate in the treatment of actinic kera- 
loses: a pre-and posttreatment dermascopic 
‘comparative analysis, Biomed Res Int, 2018; 
2018: 4381019. Available under the CC BY 
AO Ticense 


Actinic keratosis often (in 10% of eases) progresses to skin carcinoma 
and is the main precancerous disease of cutaneous SCC. The risk of malig- 
nant transformation is especially high when there are multiple lesions on the 


skin. 


Bowen's disease is an intraepidermal carcinoma (carcinoma in situ) that 


arises from keratinocytes, affects 
only the epidermis and is character- 
ized by lateral spread (Figure 6.3). 
In African Americans, this disease is 
observed very rarely. Despite the 
fact that Bowen's disease is a malig 
nant process, it is accepted as a pre- 
cancerous condition, since only 10% 
of untreated cases progress to im 
sive carcinoma, cutaneous SCC. 
Bowen's disease occurs mainly in 
the elderly, and the causes of this 
disease are the same as in skin car- 
cinoma. Typically, Bowen's disease 
presents as a slowly growing red- 
brown patch or dry, scaly plaque 
that is very similar to the lesions in 


Figure 63. Bowen's disease on the upper 
extremity. Arrabal-Polo MA, Girén-Prieto 
MS, Orgaz-Molina J etal. Clinical Manifes- 
tations of the Human Papillomavirus. In 
Brocck D.V. (ed) Human Papillomavirus 
and related disease. Intechopen, 2013; DOL 
10,5772/55623, Available under the CC BY 
3.0 license 
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eczema or psoriasis. The plaques in Bowen's disease may have a velvety 
appearance. The affected area is flat, sometimes slightly convex. In some 
cases, the lesion may be verrucous, split, or dark in color (hyperpigmenta- 
tion). In 10-20% of cases, multiple lesions can be observed. Bowen's disease 
can sometimes undergo spontaneous regression. Uleeration or induration is 
a manifestation of transformation into invasive carcinoma. 
irythroplasia of Queyrat (Queyrat disease) is a form of intraepithelial 
carcinoma (carcinoma in situ) that mainly affects the head of the penis and 
the inner layer of the foreskin (Figure 6.4). Although Queyrat disease, like 
Bowen's disease, is a malignant process, it is also accepted as a precancer- 
ous condition. Like Bowen's disease, in Queyrat disease, the lesion is locat- 
ed within the epidermis and does not extend into the dermis. Erythroplasia 
of Queyrat is usually a male disease, The disease occurs mainly among un- 
circumcised men of advanced or middle age. The mentioned disease ac- 
counts for 1% of all malignant lesions in men. The lesion in Queyrat disease 
is usually solitary (very rarely multiple), and is a bright red plaque (some- 
times pink-red or burgundy-cherry) with well-defined edges and a velvety, 
moist or shiny surface (due to which erythroplasia of Queyrat is sometimes 
also called velvety epithelioma). Sometimes the lesion has a scaly or erusty 
surface. A white coating may appear on the penis, which can be easily re- 
moved. Joining of an infection leads to the appearance of purulent discharge 
and the formation of yellow plaque. 
Although clinically and histolog- 
ically this lesion has much in com- 
mon with Bowen's disease, a num- 
ber of specific features allow it to be 
considered as an independent di 
ease, Erythroplasia of Queyrat has a 
more pronounced tendency to de- 
velop cutaneous SCC compared 
with Bowen's disease, With the tran- 
sition of erythroplasia of Queyrat to 
SCC of the skin, changes occur in 
the lesion: warty growths, indura- 


tion, superficial or deeper ulceration 
covered with bloody crusts or white 
plaque. In 10-30% of eases, erythro- 
plasia of Queyrat transforms. into 
invasive SCC, with 20% metastasiz- 
ing. In other words, erythroplasia of 
Queyrat transformed into invasive 


Figure 6.4. Brythroplasia of Queyrat in the 
‘glans penis. Arrabal-Polo MA, Girén-Prieto 
MS, Orgaz-Molina J etal, Clinical manifes- 
tations of the human papillomavirus. In 
Broeck D.V. (ed) Human Papillomaviras 
sand related disease, Intechopen, 2013; DOL 
10.5772/5623. Available under the CC BY 
30 license. 
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SCC is clinically indistinguishable from cutaneous SCC. Erythroplasia of 
‘Queyrat never spontaneously regresses. 

Erythroplasia of Queyrat was first described by Tamovsky (1891), but it was Queyrat 
‘who first proposed the term “erythroplasia® (1911). Some sources describe erythroplasia 
cof Queyrat as Bowen's disease of the glans penis Given the fact that erythroplasia of 
Queyrat occurs exclusively in uncircumcised men. i is hypothesized that certain factors 
associated with this condition may play a role in the development of this lesion. These 
factors include chronic mechanical irritation, trauma and inflammation due to friction and 
phimosis, as well as accumulation of smegma and urine under the foreskin, which, in its 
turn, ereates conditions for HPV infection. 

Keratoacanthoma is a rapidly growing benign epidermal neoplasm of the 
hair follicles, localized mainly on the exposed parts of the body and ex- 
tremities, especially on the extensor surfaces. Very rarely, these lesions are 
also observed on the mucous membrane of the tongue, cheeks and hard pal- 
ate, as well as on the vermillion border of the lips. Patients with kera- 
toacanthoma are predominantly elderly people. In persons younger than 20 
years, the disease is almost not observed. Men are affected 2-4 times more 
often compared to women. It is very rarely seen in dark-skinned people. 
Keratoacanthoma and cutaneous SCC have similar epidemiological features, 
suggesting common etiological factors. It is noteworthy that in many re- 
gions, the combination of "keratoacanthoma/cutaneous SCC" is more often 
observed than SCC alone. It should be noted that both keratoacanthoma and 
cutaneous SCC in most cases are observed on the head and neck, and also 
on the limbs, and both over the age of 64 years, and mainly men (2-4 times 
more common) are affected. The 
incidence of keratoacanthoma in the 
United States corresponds to that of 
cutaneous SCC in that country. 

Keratoacanthoma presents as a 
rounded or oval exophytic nodule on 
4 wide base, reddish (sometimes 
with a bluish tinge) color or the col- 
or of normal skin, 1.0 to 3.0 em or 
more in diameter and is painless. 
‘The central part of the tumor is 
filled with homy masses, after re~ 
moval of which bleeding does not Figure es A punt kemioncanthoma of he 
occur. The marginal part of the kera- cheek in a 92-year-old man, Alfieri EP, Sisti 
toacanthoma is raised in the form of A, Nisi G et al. A giant kerstoacanthoma of 
a roller (Figure 6.5). Kera- the cheek Acta Biomed, 2019; 90: 580-582, 
toacanthoma nodules are mobile, 


‘Available under the CC BY 4.0 license, 
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not soldered to the underlying tissues. After active growth (4-6 weeks), a 
stabilization phase may occur, during which the tumor does not change in 
size, After 4-6 months, spontaneous regression may occur with the disap- 
pearance of the nodule and the formation of an atrophic scar over the next 
few months (up to 12 months). In some cases, the stabilization phase does 
not occur and the lesion reaches a gigantic size, up to 10.0-20.0 em in diam- 
eter. Multiple keratoacanthomas can appear either in the form of consecu- 
tive nodules, or in the form of several lesions that occur simultaneously, In 
the first variant, the elements appear gradually on different parts of the skin, 
but especially often on the face and limbs. In the second variant, many large 
follicular papules with a diameter of 2.0-3.0 mm appear simultaneously, In 
some cases, progression to SCC is possible, It is not easy to distinguish ker- 
atoacanthoma from cutaneous SCC histopathologically. 

Keratoacanthoma arises from the cells of the infundibular (upper) part of the hair folli- 
cles and resembles SCC of the skin, because of which some experts are ofthe opinion that 
keeratoncanthoma is peculiar type of highly differentiated (low-grade) cutaneous SCC. 
Most cases of Keratoacanthoma are found on the face (on the nose and on the cheek) and 
‘approximately 10% of cases are observed on the auricle. Keratoacanthomas in most cases 
develop sporadically, but may be part ofthe clinical spectrum of certain hereditary syn- 
dromes, such as Muir-Torre syndrome, xeroderma pigmentosum, Fergusson-Smith dis- 
ease. Keratoacanthoma is also the main clinical manifestation of the acquired Grzybowski 
syndrome (about 40 cases have been described in the literature so far), m which hundreds 
or thousands of eruptive keratoacanthomas are observed 

Cutaneous horn is characterized by a dense homy mass of a conical or 
cylindrical shape protruding above the skin surface (Figure 6.6). Cutaneous 
hom is rare (1/100,000) and usually 
develops in the elderly (peak i 
dence occurs in the seventh decade 
of life) in equal proportions in both 
sexes, Most often observed in indi- 
viduals with skin phototypes I and IT 
(according to the Fitzpatrick classi- 
fication). Cutaneous hom occurs due 
to proliferation of epidermal cells, 


Figure 6.6. A cutaneous hom (8 em in 


especially against the background of 
a benign neoplasm (wart, seborrheic 
keratosis, epidermal nevus) or dis- 
ease (psoriasis, lichen planus), pre- 
cancerous disease (actinic keratosis, 
arsenokeratosis, keratoacanthoma) 
or a malignant lesion of the skin 
(Bowen's disease, BCC. the initial 


length) on the trunk of a S2-year-old wom= 
an, probably against the background of seb- 
cortheic keratosis. Histopathological exami- 
nation of the excised lesion did not reveal a 
‘malignant process. Nadeau C, Desseauve D, 
‘Laban E. Cutaneous hom of the breast: a 
rare clinical feature. Obstet Gynecol Cases 
Rev, 2016, 3: 84-85. Available under the 
CC BY 4.0 license. 
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stage of well differentiated SCC). In up to 40% of cases, cutaneous hom oc- 
curs against the background of actinic keratosis. Men are more likely to 
have a malignant background process. 

Cutaneous hom can be observed on all areas of the body surface, but 
usually on exposed areas of the skin (where actinic keratosis and cutaneous 
SCC are often observed): on the face, ears, forehead, and on the back of the 
hands. Homy masses are formed from compact keratin and resemble animal 
homs, in most cases conical in shape, usually straight (sometimes curved), 
yellowish-brown or dark in color, dense in consistency. The surface is 
smooth or uneven with multiple furrows. Inflammatory component occurs 
a a result of repeated injuries and is observed only in close proximity to the 
base of the horn in the form of a narrow erythematous corolla. The base of 
the skin horn may be flat, protruding above the skin surface, or erater- 
shaped. The cutaneous hom is usually solitary. but multiple homs may oc- 
cur, The sizes of homy neoplasms vary from a few millimeters to several 
centimeters. Usually, the length of cutaneous hom is twice the diameter of 
its base. The circumference of the apex in most cases is much narrower than 
the base. Cutaneous horn, which is less than one centimeter in size, usually 
develops against the background of BCC and actinic keratosis. A larger cu- 
taneous horn usually appears on the background of a keratinized papilloma, 
seborrheic wart, or keratoacanthoma. Although cutaneous hom is painless, it 


creates physical and cosmetic discomfort. 


‘As mentioned above, the underlying process can be benign or malignant, 
A benign background process of the cutaneous horn ean also progress to 
cancer: in about 20% of cases (about a third of cases on the penis), a malig- 
nant process is detected at the base of the skin horn at initial diagnosis. The 
following signs may indicate the presence of a malignant background dis- 
ease or transformation into cancer of a benign background process: 1) sore- 
ness (the cutaneous hom is typically painless); 2) large size; 3) base indura- 
tion; 4) wide base; 5) redness of the base; 6) bleeding from the base. 

Cutaneous papilloma (acrochordon, skin tag) is a benign neoplasm of the 
skin, which looks like a papilla on a narrow base (pedicle), soft or dense 
consistency, from light to dark brown. Papillomas can occur at any age, but 
are more often observed in overweight individuals and in older people in 
equal proportions in both sexes. Approximately half of the general popula- 
tion may develop papillomas during their lifetime. The frequency of ‘papil- 
Jomas increases in parallel with age. Approximately 60% of people by the 
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age of 70 years may have papillomas. Quite often, papillomas are multiple 
(papillomatosis). The development of papillomatosis at an older age is often 
associated with physiological xerosis (dry skin), which significantly in- 
creases the risk of injury to the skin, and thereby, the risk of HPV infection. 
‘The causes for the development of skin papillomas are not fully understood. In many 
cases, skin papillomas are associated with HPV (HPV1, HPV2, HPV3, HPV4, HPV6, 
HPVI0 and HPV1 1), Acrochordons are most commonly associated with HPV11 (approx- 
imately 70%) and HPV6 (10-15%), Among HPV, viruses with high and low 

risk are distinguished. ity of HPV is explained by the ability of the virus to 
integrate into the genome of the human cells. Sometimes there are papillomas inthe fami- 
insulin 


cy. Patients with Crohn's disease often develop skin tags. Unlike warts, skin papilloma is, 
Not contagious, so it does not infect other people, 

A papilloma looks like a small, round, skin-colored or dark-colored 
growth that protrudes above the surrounding tissue. Cutaneous papillomas 
range in size from 1 mm to 5.0 cm. Papillomas may be filiform or larger 
with a thin stalk. Skin papillomas are localized in all areas, but favorite loca- 
tions are hands and arms, neck, axillary region, folds under the mammary 
glands and buttocks, inguinal region and genitals (Figure 6.7). In children, 
especially younger ones, papillomas affect the knees, which is associated 
with physiological characteristics, since children crawl without clothes, Skin 
color in most cases does not change, and papillomas can be light to brown in. 
color, Due to the fact that papilloma has a stroma covered with skin, which 
contains blood vessels, bleeding is possible when it is traumatized, Papillo- 
mas never disappear on their own, but occasionally thin-stalked papillomas 
can fall off without leaving a trace on the skin. This happens when the thin 
stalk of the papilloma twists and becomes necrotic. Papilloma in isolated 
cases progress to carcinoma, since 
the risk of malignancy is not very 
high. Malignancy of skin papillomas 
can occur in those sites where they 
‘are regularly rubbed by a hard part 
of clothing. 

Warts are widespread benign skin 
growths caused by HPV. There are $ 
main clinical types of warts: vulgar 
(common), flat, plantar, filiform 
warts and genital warts. ; 

Warts are mostly observed at Figure 67, ‘Multiple acrochordons in 
school age, but can occur at any age, “illary region of a 53-year-old man, 
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‘The virus is transmitted by contact or through shared objects (see above). 
Often, autoinoculation (auto-infection) occurs, that is, viruses get from one 
focus of the wart to other areas of the skin when scratching, The virus pene- 
trates the epidermis through damaged areas of the skin and multiplies in the 
superficial layers of the epidermis. Thus, HPV induces the surface cells of 
the epidermis to multiply faster and form warts. Warts are very common in 
individuals with epidermodysplasia verruciformis, a rare hereditary disorder 
(see below). Warts rarely progress to cutaneous carcinoma; as a result of 
stich a transformation, verrucous carcinoma occurs. 


‘Vulgar warts are most often observed on the back surface of the hands and on the back 
of the feet. Most of them disappear on their own, without any treatment, within two Years 
They are also knovn as butcher's warts, These warts are mainly associated with HPV1, 
HPV2, HPV4, HPV7, HPV27, HPVS7 (mostly associated with HPV7 in butchers) 

Flat warts, which are usually located on the back of the hands and on the skin of the 
face, spread at the time of shaving or scratching, and therefore, they are mainly grouped 
along the line (Koebner phenomenon), Flat warts are mainly associated with HPV3 and 
HPV10. 

Plantar warts are mainly associated with HPV1 (sometimes with HPV2 and HPV4), fili- 
form warts are most often associated with HPV] (less often with HPV2, HPV4, HPV27, 
HPVS7), Genital warts are mainly associated with HPV6 and HPV11 and are transmitted 
through sexual contact. 


‘There are also seborrheic warts, very common benign skin growths, the development of 
which is not associated with HPV (known also as seborrheic keratosis, senile warts, or 
basal cell papilloma). Seborrheic warts occur in people of middle or older age and can 
develop everywhere, but are more often located on the trunk and are multiple, less often 
‘on the face, neck, back of the hands, and also on other areas of the skin. Early elements 
are flat, small spots or papules that have clear boundaries, yellow or pink color, warty 
surface, The consistency of the lesion is soft, the borders can sometimes be fuzzy, some- 
times even jagged. In such cases, the lesion resembles melanoma. Over time, the lesion 
thickens and becomes mushroom-shaped. dark brown or black in color. Seborrheic warts 
appear waxy and stuck to the skin. The number of foci usually does not exceed 40, The 
diameter of seborrheic warts is 0.2-3.0 em, sometimes reaching 4.0 to 6.0 em. Seborrheic 
‘warts are painless. Patients with multiple seborrheic warts sometimes have a family histo- 
zy. Sebortheic warts are never malignant and non-contagious. 

Discoid lupus erythematosus (cutaneous lupus erythematosus) is the 
most common form of chronic cutaneous lupus (takes its name from its 
coin-shaped form), which is a chronic autoimmune disease characterized by 
appearance of red round spots with scaly skin on the body. Mostly the areas 
of the body exposed to solar radiation are affected. The cutaneous covering 
on the affected areas (on the skin of the skull, face and ears) can die off or 
become covered with a dry scaly crust, resulting in pigmentary and scarring 
changes and hair loss. Discoid lupus erythematosus affects one or more are- 
as of the skin, The disease is observed in women 5 times more often than 
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in men (mainly between the ages of 
20 and 45 years). The prevalence of 
lupus erythematosus is 20-40 cases 
per 100,000 population per year. 
Discoid lupus erythematosus in 
80% of cases is observed as a local 
process, in 20% of cases as a part of 
the generalized disease, In the gen- 
eralized disease, along with the skin 
of the head and neck, other parts of 
the body are also involved in the cals Nap eee 
process, including the chest, back, \*! nl 
neck, upper and lower limbs (in- oy a as 
cluding the palm and sole). An old cell carcinoma developing in « cutaneous 
process can contribute to the devel- lichen planus lesion’ a rare case. Case Rep) 
opment of skin carcinoma (Figure Dermatol Med, 2014; Article ID 205638, 
68), ‘Available under the CC BY 4.0 license 


Psoriasis is a non-contagious chronic inflammatory skin disease. There is 
sufficient evidence that genetic predisposition plays an important role in the 
development of psoriasis. Along with hereditary predisposition, environ- 
mental factors also play role in the development of the disease. In psoriasis, 
skin cells multiply 10 times faster than normal skin cells. When these cells 
reach the surface of the skin, they die, and instead of sloughing off, they ac- 
cumulate on the surface of the skin, causing the red, raised plaques to be- 
come covered with white scales made up of older, dead cells and sive the 
skin the characteristic psoriasis appearance. In the United States, psoriasis 
affects approximately 3% of people. In patients with psoriasis, the risk of 
developing cutaneous SCC is 5 times and BCC is 2 times higher. 


Inherited disorders 


‘There are various inherited disorders (around 30 entities) associating with 
an increased risk of skin carcinoma. Among them the best-known ones are 
the followings: 

* Gorlin syndrome, 
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Xeroderma pigmentosum, 
Bloom syndrome, 
Rothmund-Thomson 
Werner syndrome, 


. idrome, 
* Oculocutaneous albinism, 


Kindler syndrome, 
Dyskeratosis congenita, 
Brooke-Spiegler syndrome, 
‘pidermodysplasia verruciformis, etc. 


Gorlin syndrome is rare hereditary disorder and also known as nevoid ba- 
sal cell carcinoma syndrome. This autosomal dominant syndrome occurs 
due to germline heterozygous mutation of the PTCH/ gene (1p34.1). Ap 
proximately one out of 60,000-260.000 people suffer from this hereditary 
disorder. Gorlin syndrome is characterized by occurrence of multiple basal 
cell carcinoma foci at young ages (beginning from the age of 2 years), facial 
jorphism (macrocephaly, prominent forchead, cleft lip and palate, hy- 
pertelorism, congenital eye abnormalities), odontogenic keratocysts (multi- 
ple maxillary and mandibular cysts), other various skeletal abnormalities 
(bifurcated ribs, bone cysts, short metacarpals, scoliosis), intracranial ectop- 
ic calcifications (along falx cerebri, around cerebellar vermis), heart and 
ovarian fibromas, palmar and plantar hyperkeratosis, palmar and plantar 
pits, rarely medullablastoma (Figure 6.9). 

Patients with Gorlin syndrome have a very high risk of developing multi- 
ple cutaneous BCs, In 90% of the affected fair-skinned people, multiple 
BCCs of the skin (sometimes, up to 200 lesions) are observed. The average 
age of the affected patients when the first BCC is detected is 25 years. 


Figure 6,9, Multiple foci of cutaneous BCC (A) in a 38-year-old patient with Gotlin syn- 
drome. The patient also has odontogenic cysts of the molar zone (arrows) of the maxilla 
(B). Kesireddy M, Mendiols VL, Jana B, Patel S. Long-term response to vismodegib in a 
patient with Gorlin-Goltz syndrome: a case report and review of pathological mechanisms 
involved. Cureus, 2019, 11: €5383. Available under the CC BY 30 license, 
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BCC is sometimes observed very early, at the age of 2 years. This disorder 
is mainly found in fair-skinned people, and only about 5% of cases of Gor- 
lin syndrome occur in dark-skinned individuals. BCC develops in 40% of 
black patients with Gorlin syndrome. Cutaneous BCC, as a rule, is observed 
in exposed areas of the body; on the face, chest and back. Rarely, BCC can 
develop on the genitals, 


deve repair and 
‘egeneration in a controlled manner, Mutations in the PTCHT gene result in uncontrolled 
‘cell proliferation, Thus, the PTCH gene prevents uncontrolled cell division, on the basis | 
of which it is accepted as a tumor suppressor gene. 


‘Medulloblastoma is found in approximately $*% of patients with Gorlin syndrame. Me~ 
dulloblastoma associated with Gorlin syndrome is often diagnosed at the age of 2-3 years, 
in contrast to sporadic medulloblastoma, which is diagnosed at the age of 6-10 years. Me- 
dulloblastoma, which is the part of the cancer spectrum of Gorlin syndrome, has a better 
prognosis than the sporadic variant. The desmoplastic type of medulloblastoma, which 
has a favorable prognosis, is strongly associated with Gorlin syndrome. 

Xeroderma pigmentosum is an 
autosomal recessive hereditary dis- 
order characterized by pigmented 
dry skin ("xeroderma" is a transla- 
tion of "dry skin"), premature skin 
aging. poikiloderma due to the ex- 
tremely high sensitivity to UV radia- 
tion (Figure 6.10). This rare genetic 
skin disorder occurs due to germline 
homozygous mutation in one of 8 
genes known: XP genes, mostly in 
XPA (9422.33) and XPC (3p25.1) 


genes, Loss of function in those 
genes result in congenital defect in 
DNA repair system, because of that 
UV-damage (mainly due to UVB 
fraction) in DNA cannot be repaired 
in cells of the epidermis, conjuneti- 
va and exposed oral mucosa. The 
prevalence of this disorder consti- 
tutes 1/250,000 in the United States, 
1/20.000-40.000 in Japan. Due to 


Figure 6.10, A 10-year-old gil with xero- 
derma pigmentosum (XPC). The patient has 
aan uleeroproliferative lesion on the lateral 
part of the right lower eyelid, Histopatho- 
logical examination of the removed neo- 
plasm revealed « well-differentiated SOC 
Sonappa UK, Samayam A. Case report on 
xeroderma pigmentosum with squamous 
cell carcinoma in a ten-year-old child, Our 
Dermatol Online, 2018; 9: 160-163. Avail- 
able under the CC BY 4.0 license, 
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high sensitivity to UV radiation, inflammation, hyperpigmentation, atrophy, 
patchy hyperkeratosis and skin cancer (BCC, SCC and melanoma) develop 
in sequence. The children with xeroderma pigmentosum are called "mid- 
night children” or "Moon children", Without adequate protection, half of 
these children can develop skin cancer (commonly BCC) within the first 
decade of their life. Patients with xeroderma pigmentosum have a 1000-fold 
higher risk of developing skin carcinoma, This risk is 10.000-fold higher in 
patients younger than 20 years. In these patients, skin carcinoma occurs by 
50-60 years earlier compared to the general population. 


ih sensitivity to UV radiation leads also to the development of kerati- 
tis. iritis and eye cancer (choroidal melanoma, SCC of the conjunctiva). The 
lifetime risk of developing SCC of the conjunctiva is approximately 10% in 
individuals with xeroderma pigmentosum. Patients with xeroderma pigmen- 
tosum also often develop lip carcinoma and oral mucosa carcinoma, typical- 
ly on the tip of the tongue. 

30% of patients with xeroderma pigmentosum also suffer from progres- 
sive neurological disorders, that makes up the second most common cause 
of death (afler cancer) in the affected individuals. Patients with xeroderma 
pigmentosum younger than 20 years have a 50-fold higher risk of develop- 
ing CNS malignant tumors (medulloblastoma, glioblastoma, malignant as- 
trocytoma, malignant schwannoma). The smokers of these individuals have 
much-inereased risk of developing lung carcinoma compared to the smokers 
in the general population. 

Bloom syndrome (congenital telangiectatic erythema) is a hereditary dis- 
order (the inheritance pattem is autosomal recessive) that is characterized by 
short statue (dwarfism) due to prenatal and postnatal growth deficiency, 
sun-sensitive red skin rashes primarily over the nose and checks (Figure 
6.11), sparse subcutaneous adipose tissue beginning from childhood and ad- 
olescence, and predisposition to various cancers. Mild immune deficiency 
With increased susceptibility to infection is also characteristic of this disor 
der, This disorder occurs due to germline homozygous mutation of 
RECQL3/BLM gene (15q26.1) that leads to loss of function of BLM protein, 
resulting in chromosome instability and greatly increased number of sister 
chromatid exchanges (approximately 10-fold higher than in normal individ- 
uals), which are pathognomonic of this syndrome. Around 60 different mu- 
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lations are known in the occurrence 
of Bloom syndrome. Several thou- 
sand cases of Bloom syndrome are 
reported in literature so far 

Without normal funetion of BLM 
protein, cells are not capable to re- 
pair UV-radiation-induced DNA 
damage, and photosensitive skin 
changes occur in result. It should be 
noted that photosensitivity and ery- 
thema improve by age of the affect- 
ed individuals 

Height of the individuals with 
Bloom syndrome rarely reaches 160 
cm. In more than half of children 
With this syndrome. underdevelop- Figure 611. Bloom syndrome patient with 
ment is clearly seen before the age sharecterstic facial features and malar ery- 
of 8. They have a high voice, long Soper Lacey a 
and narrow face, small jaw. promi- rowth delay. chromossme instability syne 
nent ears and nose. Men with this Gromes with intrauterine growth retardation. 
syndrome are usually unable to pro- Bialed Res int, 2017; Article ID 8193892 
duce sperm, and women have low Available under the CC BY 4.0 license 


fertility and experience early menopause. 


‘The BLM gene product, the BLM protein, is a member of the RecQ helicase family and 
‘an important link in maintairung genome stability, The BLM protein has very important 
role in initiating and regulating DNA double-strand break repair via homologous recom 
bination. BLM protein prevents excessive exchange between chromatids, thereby, helping 
to maintain the integrity of the DNA structure. A large number of exchanges between 
sister chromatids leads to a rupture of the genetic material, which disrupts the normal 
activity of cells and leads to the development of pathological processes. Without normal 
BLM protein activity, cells are not able to repair the damage caused by UV radiation, 
Which contributes to increased sensitivity to solar radistion, 


The most common mutation in BLM gene, called BLM" mutation is seen in Ashkenazi 
Jews (Eastern European Jewish ancestry). Approximately 1% of Ashkenazi Jews are car~ 
riers of this heterozygous mutation, which is characterized by the deletion of 6 nucleo- 
tides at codon 2281 and their substitution with 7 other nucleotides 
(Q281delATCTGAinsT AGATTC), Hence, the incidence of Bloom syndrome is especially 
high among Ashkenazi Jews, in whom 2 out of 100,000 newboms are bor with this syn- 
drome. Worldwide, 25% of families with this syndrome are Ashkenazi Jews 


Bloom syndrome is a chromosome instability syndrome and various so- 
matic mutations that occur as a result of that instability are responsible for 
development of various malignant tumors. Leukemia and lymphomas are 
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the most common malignancies observed in individuals with this disorder. 
Epithelial malignant lesions are seen 2-fold more frequently compared to 
lymphoid neoplasms (this ratio is 10-fold in the general population), The 
risk of developing skin it 

drome due to high sensitivity to UV radiation. 16-17% of the affected indi: 
viduals develop skin carcinoma in sun-exposed areas (commonly BCC and 
solitarily) by average age 32 years. Patients can rarely live more than 50 
years (the affected children often die within the first 7 years of their life) and 
the average life expectancy makes up 27 years. 

Individuals with Bloom syndrome are very sensitive to sunlight and typically develop a 
‘ed skin rush that follows a “butterfly” distribution across the nase and cheeks. Skin rash- 
5 can also be observed on other areas of the skin exposed to solar radiation; onthe back 
of the hand and forearm. Often there isa bunch of dilated small blood vessels on the rash 
(telangiectasia). It should be noted that photosensitivity is characterized by an increase in 
sensitivity to UV radiation at a wavelength of 313 nm, which corresponds to the UVB of 
the rnge closer to the UVA. Cellular sensitivity to solar radiation manifests itself in the 
form of phototoxicity, which differs from the photocarcinogenicity that is characteristic of 
‘xeroderma pigmentosum 


About half of the individuals with Bloom syndrome develop at least one malignant tu- 
mor (10% develop more than one). The average aze, at which the first tumor is detected, 
is approximately 25 years. It should be noted that 25% of cases of malignant tumors in. 
this syndrome are detected at the average age of 21 years. Different types of leukemia and 
lymphoma develop, on average. at the age of 22 years. Solid malignant tumors develop at 
the mean age of 35 in individuals living over 22 years. In other words, acute leukemia and 
lymphomas dominate in the first two decades of life in patients with Bloom syndrome, 
carcinomas after the second decade. 


In individuals with Bloom syndrome, the risk for developing malignant diseases is 
higher (by up to 300 times) compared to the general population. 25% of individuals (45% 
of registered patients) with this syndrome develop various malignant diseases. Most often, 
leukemia, lymphoma, SCC of the oral mucosa, esophageal carcinoma, colorectal adeno- 
carcinoma, bone sarcoma is found. Wilms’ tumor is also frequently seen in children with 
Bloom syndrome. Leukemias and lymphomas are the most common malignancies in in- 
dividuals with Bloom syndrome, The individuals with Bloom syndrome develop B-cell 
(including Burkitt lymphoma) and T-cell lymphoma. This disorder is not associated with 
an increased risk of developing Hodgkin lymphoma. In 75% of cases, lymphoma is the 
firs, in 25% of cases is the second malignancy in this disorder. Thus, cases of leukemia 
and iymphoma together account for one third of cases of malignant diseases found in pa- 
tients with Bloom syndrome. Fortunately, malignant tumors in Bloom syndrome are very 
sensitive to radiotherapy and chemotherapy. 


‘Along with a predisposition to develop certain malignancies, individuals with Bloom 
syndrome are susceptible to ear and respiratory infections as a major clinical concern, The 
Jatter complications are related to a characteristic mild disorder of the immune system. In 
Bloom syndrome, there is. weakening of lymphocyte proliferation, a lack of immuno- 
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‘elobulin synthesis, as a result of which cellular and humoral immune responses are dis- 
‘rupted, It should be noted that resistance to infection. photosensitivity and erythem: 
prove with age, 

Rothmund-Thomson syndrome (congenital poikiloderma) is a rare (about 
300 cases have been reported in literature) hereditary disorder (the inher- 
itance pattern is autosomal recessive) characterized by wide spectrum of ab- 
normalities. Approximately in 2/3 of the cases, germline homozygous muta- 
tions in RECOM gene (8q24.3) are detected, Mutations in this gene are asso- 
ciated with disruption of DNA repair that leads to photosensitivity of the 


skin, resulting in characteristic skin changes. Skin changes as a diffuse ery= 
hema appear in the cheeks from early months of the life (in 90% of cases) of 


the affected individuals (Figure 6.12). 


by hypo- and hyperpigmentation 
and may later spread to other parts 
of the body: to the neck, trunk, ex- 
tremities and buttocks, The complex 
of the skin changes occurred in 
these disorder is called poikiloderma 
that resembles chronic radiation 
induced dermatitis and persists 
throughout the life of the patients, 
despite the photosensitivity decreas- 
by age. Juvenile cataract, dystro- 
phy of nails and hair, impaired phys- 
ical development, short stature, bone 
malformations, osteoporosis, dental 
hypoplasia, and various endoerine 
and sexual dysfunctions/disorders 
occur. It is important to note that 
one of the distinguishing features of 
Rothmund-Thomson syndrome is 
the development of poikiloderma 
and cataracts at an earlier age, Syn 
drome Rothmund-Thomson is 
characterized by a high risk of de- 
velopment of osteosarcoma (in 30% 
of individuals), leukemia and Bow- 
en's disease and skin carcinoma (in 
5% of the cases). No peculiarities in 
life expectancy of the patients unless 
death caused by cancer. 


‘These changes are characterized 


Figure 612 A S-yearold girl with 
Rothmund-Tompson syndrome with charac~ 
teristic poikiloderma on her fice, with char- 
‘acteristic facial dysmorphism and. absence 
fof eyebrows and cilia. Three days alter 
birth, the right thumb was autoamputated, 
‘and 2 months Inter, the left thumb. Popadié 
S, Nikolié M, Gajié-Veljié M, Bonai- 
Nikolié B, Rothmund-Thomson syndrome. 
‘The first case with plantar keratoderma and 
the second with coeliac disease, Acta 
Dematovenerol APA, 2006, 15, 90-93. 
‘With permission, 
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It should be noted that Rothmund-Thomson syndrome type 1 (RTS1) and type 2 (RTS2) 
are distinguished. RTSI is characterized by'potkiloderma, ectodermal dysplasia, and jue 
venile cataract. RTS2 is characterized by poikiloderma, congenital bone defects, in- 
creased risk of osteosarcoma in childhood, and cutaneous SCC later in life. It shoul be 
noted that mutations in the RECQLA gene are characteristic of RTS2 

Werner syndrome is also associated with an increased risk of developing 
skin carcinoma in addition to various epithelial, mesenchymal, and melano- 
cytic malignancies (see page 197). 

Oculocutaneous albinism is a group of hereditary disorders (the inher- 
itance pattem is autosomal recessive, unlike ocular albinism, which is inher- 
ited in X-linked manner), which are characterized by impairment in melanin 
production or by defect in biogenesis of melanosomes (or by their dysfiunc- 
tion), As a result, pigment melanin lacks in cells of the epidermis, in hair 
and in the iris. 7 types of oculocutaneous albinism (OCA 1-7) are known 
Which correspond to mutations in the appropriate genes (OCA - OCA) that 
locate on different chromosomes. Proteins encoded by aforementioned 
genes participate in different stages 
of melanin production. OCAL (oc- 
curs due to mutations of 
TYR/OCAI gene, 11q14.3) is the 
most common type of oculocutane- 
ous albinism that is followed by 
OCA2 (occurs due to mutations in 
OCA2 gene, 15q12-q13.1). The last 
three types of oculocutaneous albi- 
nism (OCA 5-7) are seen extremely 
rarely. The highest prevalence of 
oculocutanzous albinism is observed 
in Zimbabwe and Tanzania (the 
prevalence is 1/1000 and 1/2.500, 
respectively) while the global preva- 
lence is 1/20,000. 


In addition to other abnormalities 
(photophobia, nystagmus, foveal 
hipoplasia, etc.), oculocutaneous 
albinism is also characterized by an 
increased risk of cutaneous SCC by 
understandable mechanisms de 
scribed above (Figure 6.13). The 
risk of cutaneous SCC is particularly 
high in albino people living in Afri- 
ca and Australia, 


Figure 6.13. Ulcerated basal cell carcinoma 
of the supraorbital region and ulcerated 
‘squamous cell carcinoma of the preauricular 
region of the face in a 23-year-old albino in 
‘Tanzania, Histopathological examination 
‘confirmed nodular basal cell carcinoma in 
the supraorbital region. Kiprono SK, Chala 
BM, Beltraminelli H. Histological review of 
skin cancers in Affican Albinos: a 10-year 
retro-spective review. BMC Cancer. 2014; 
14: 157-160. Available under the CC BY 
40 license. 
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According to data, all African albinoes older than 20 years develop actinic premalignant 
conditions or skin cancer. Skin cancer in people with albinism in Africa occurs 10 years: 
earlier than that in the general population. The peak incidence of advanced skin cancer is 
‘observed in the fourth decade of life. In general, skin cancer in African albinoes is detect- 
ced before the age of 40 years in more than Me of cases. Due to late access to medical 
institutions, skin cancer in African albinoes is characterized by an aggressive clinical 
course and an unfavorable prognosis, due to which people with albinosis in Tanzania, 
‘Nigeria, and Zimbabwe rarely live over 40 years. 

Kindler syndrome (congenital bullous poikiloderma) is a rare (about 250 
cases have been reported in literature so far) hereditary disorder (the inher- 
itance pattem is autosomal recessive), which is characterized by fragility of 
the skin and tendency to develop bullae in it. Kindler syndrome occurs due 
to germline homozygous mutations in the FERMT! gene (20p12.3). This 
gene provides instructions for the synthesis of the kindlin-1 protein. 
Kindlin-1 performs many functions in epithelial cells, including participa 
tion in the growth and proliferation of keratinocytes, in the attachment of 
these cells to the underlying layers of the skin (dermis) and in their migra- 
tion. Thus, mutations in the aforementioned gene lead to a deficiency of the 
Kindlin-1 protein in keratinocytes, which, in its turn, causes skin fragility 
and a tendeney to form bullae in it. 

Bullae in individuals with Kindler syndrome begin in early childhood 
and are most commonly seen on the back of the hand and foot. ‘The occur- 
rence of repeated bullae can lead to scarring, which causes fusion of the fin- 
gers and toes. Starting from the arms 
and legs, tendemess (weakness) in 
the skin gradually spreads to other 
parts of the body. The characteristic 
features of Kindler syndrome also 
include progressive poikiloderma 
(Figure 6.14). Sometimes hyper- 
keratosis is observed on the palm 
and foot. People with Kindler syn- 
drome can be very sensitive to sun- 


Figure 6.14, Patchy hypo- and hyperpig- 


light and bum easily in the sun. 

In people with Kindler syndrome, 
not only the skin, but also the mu- 
cous membranes can be fragile and 
easily damaged. Periodontitis, gin- 
aivitis, conjunctivitis, esophageal 
stenosis, proctocolitis, vagini 
thritis are common abnormalities 


mentation of the skin with poikiloderma 
cover the back im a 21-year-old man with 
Kindler syndrome. His 29-year-old brother 
also suffers from this disorder. The patient's 
Parents are consanguineous. Fischer R, Im- 
fan M, Rajpara A, Blackmon J, Kindler 
syndrome: a rare genodermatosis presenting 
in 2 brothers. Cell Immunol Serum Biol, 
2016, 2: 29-31. Available under the CC BY 
4.0 license. 
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in patients with Kindler syndrome. This disorder is also associated with an 
increased risk of developing SCC of the skin, lip, and oral mucosa. The risk 
of developing SCC increases by age 30. Cutaneous SCC is found in approx- 
imately 70% of patients with this syndrome older than 45 ys 

Dyskeratosis congenita (Zinsser-Engman-Cole syndrome) is a hereditary 
disorder (the inheritance patter is autosomal dominant, autosomal recessive 
or X-linked recessive, depending on the mutated gene associated with the 
development of this syndrome) presenting as mucocutaneous manifestation, 
bone marrow failure and/or fibrosis of the lungs and/or liver. Dyskeratosis, 
congenita is associated with germline mutations in the TERT (5p15.33), 
TERC (3926.2), DKC1 (Xq28), or TINF2 (14q12) genes. The TERT and 
TERC genes code for hTERT and WTR, respectively, which are components 
of telomerase that preserves the structure (TTAGGG) of telomeres. ‘The 
DKC1 and TINF2 genes encode dyskerin and shelterin complex, respective- 
ly, which preserve the structure of telomeres and protect them from DNA. 
repair mechanisms. The prevalence of this disorder is approximately 1 case 
per 1.000.000 of the population and is 3 times more common in men com- 
pared to women. 

‘The syndrome is characterized by the mucocutaneous triad: nail dystro- 
phy, skin pigmentation disorder (reticular pigmentation) and oral leu- 
Koplakia (see page 237). In individuals with dyskeratosis congenita, ocular, 
dental, neurological, gastrointestinal and skeletal disorders are often ob- 
served. Importantly, dyskeratosis congenita is characterized by premature 
aging (as in Wemer syndrome) and is considered a progeroid disease. 

Patients with dyskeratosis congenita also have an increased risk of devel- 
oping cutaneous SCC (about 1.5% of patients). SCC in the affected individ- 
uals is usually observed at a young age (mean age, 21 years). It should be 
noted that in 10% of cases of dyskeratosis congenita, solid malignant neo- 
plasms develop, half of which are tumors of the head and neck, including 
COM. 

Brooke-Spiegler syndrome is a rare hereditary disorder (the inheritance 
pattern is autosomal dominant), characterized by multiple skin growths that 
develop mainly from skin appendages such as sweat glands and hair folli- 
cles. ‘This syndrome occurs due to germline heterozygous mutations in the 
CYLD gene (16q12.1), which encodes a specific protein involved in the reg 
ulation of nuclear factor-kappa-B. Nuclear factor-kappa-B is a group of pro- 
teins that protect cells from self-destruction in response to certain signals. 
When self-destruction of the cell is needed (e.g,, in the case of abnormal cell 
occurrence), the CYLD protein regulates nuclear factor-kappa-B to aid the 
process of self-destruction. Thus, the CYLD protein acts as a tumor sup- 
pressor protein by this mechanism. This disorder ismore common in 
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women than in men. Patients wi 
Brooke-Spiegler syndrome most of- 
ten develop benign neoplasms 
(spiradenoma, —_trichoepithelioma, 
‘ylindroma) of the skin, but cutane- 
ous BCC may often develop as well 
(Figure 6.15). Along with these tu- 
mors, individuals with Brooke- 
Spiegler syndrome often also devel- 
op tumors (benign and malignant) of 
the salivary glands, especially in the 
parotid glands. 

Epidermodysplasia verruciformis 
(Lutz-Lewandowsky dysplasia) is a 
hereditary dermatosis (the inher- 
itance pattern is autosomal reces- 
sive) characterized by pathological 

ility and a unique predis- 
position of the skin to HPV infec- 
tion. The cause of this genetic disor- 
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Figure 6.15. Multiple cylindromas in a 54- 
‘year-old patient with Brooke-Spiegler syn- 
‘drome and with a family history (mother, 
two sisters, one brother and one daughter; 
the patient has 6 sisters and 2 brothers), The 
patient has pathohistologically confirmed 
‘cylindroma, brother and sister have cylin- 
cdroma and trichoepithelioma. Paravina M, 
Kozarski J. Krstié V et al. Brooke-Spiegler 
syndrome: a case report. J Dermat Cosme 


der is inherited homozygous muta- [2018:2: 16-18. With permission 
tion in the TMC6 gene (17425.3), which encodes the integral membrane 
proteins of the endoplasmic reticulum. Skin damage in this disease is caused 
by specific types (more than 30) of HPV. The HPV types that play a role in 
the development of Lutz-Lewandowsky dysplasia can be divided into two 
groups: 1) with a high oncogenic potential; HPVS, HPV8, HPV10 and 
HPV47, which are found in 90% of cases of cutaneous SCC that develop 
against the background of foci of Lutz-Lewandowsky dysplasia; 2) with low 
oncogenic potential; HPV3, HPV14, HPV20, HPV21 and HPV2S, which 
are usually found in benign foci of Lutz-Lewandowsky dysplasia. It has 
been found that epidermodysplasia verruciformis develops in those people 
who have an impaired immune response to the mentioned types of HPV. It 
should be noted that a similar pathological condition, called acquired epi- 
dermodysplasia verruciformis, occurs in patients with AIDS and lymphoma, 

Epidermodysplasia verruciform develops in children and young people 
and continues to exist throughout their life, 7-8% of cases are observed in 
infants, 61-62% at the age of 5-11 years, 22-23% at the age of puberty. 
dermodysplasia verruciformis is clinically characterized by multiple, dense- 
ly spaced, flat, smooth, round, and polygonal warts, without signs of in- 
flammation, resembling flat warts, which are observed in almost any part of 
the body (Figure 6.16). In some cases, warts are observed in groups, from 
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single to more than 100 warts. The 
lesions sometimes occupy the entire 
surface of the forearms, legs, Most 
patients subsequently develop Bow- 
en's disease or cutaneous SCC (in 
30-70% of eases) against the back- 
ground of verruciform epidermo- 
dysplasia, less often BCC, It should 
be noted that in patients with Lutz~ 
Lewandowsky dysplasia, cutaneous 
SCC develops mainly on areas of 
the body exposed to solar radiation. 
‘The first focus of cutaneous SCC in 
the affected individuals appears, on 
average, at the age of 27 years; that 
is, almost 40 years earlier than in the 
general population. It is important 
to note that cutaneous SCC that de- 
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Figure 6.16, Multple flat warts on the dor- 
sal surface of the hand with epidermodys- 
plasia verruciformis. Cruz Silva LL, Pereira 
de Oliveira WR, Sotto MN, Epidermodys- 
plasia verrueiformis: revision of a model of 
carcinogenic disease. Surg Experiment 
Pathol, 2019, 2: 20-32, Available under the 
CC BY 40 license. 


velops against the background of Lutz-Lewandowsky dysplasia is usually 
characterized by an aggressive clinical course. often metastasizing to the 
lymph nodes, sometimes to the intemal organs. 


Conditions associating with an increased risk of skin carcinoma 

The risk of skin carcinoma is inereasing by the age like most carcinomas. 
‘The people aged >90 year are at the highest risk. In the last decades, it is 
affecting more commonly the people in their third or fourth decades of life, 

Living in sunny and high-altitude regions is associated with an increased 
risk of skin carcinoma due to higher intensity of UV radiation. 

Having a history of blistering sunburns (one or more times) in childhood 
or in adolescence significantly increases the risk of skin carcinoma. Sun- 
burns in the adulthood are not exclusions as well. 

A history of precancerous skin diseases (such as actinic keratosis or 
Bowen's disease) or skin carcinoma is associated with an increased risk of 
cutaneous carcinoma. Family history of skin carcinoma is associated with a 
2.5-fold increase in the risk of cutaneous carcinoma. 

Immunodeficiency is associated with an increased risk of skin carcinoma, 
People undergone solid organ transplantation have a 60-250-fold higher 
risk of developing cutaneous SCC and a 10-fold higher risk for developing 
cutaneous BCC compared to the general population. Cutaneous SCC is seen 
4-fold more often compared to BCC in organ transplant recipients. 
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CARCINOGENESIS 


‘Transformation of normal keratinocyte into malignant one is the incipient 
stage of the development of skin carcinoma. For this malignant transfor- 
mation, functional loss of some genes responsible for cell division and pro- 
liferation due to mutations or gene rearrangement is essential. One of the 
critical and early pathogenic events leading to malignant transformation 
might be functional loss of 7P-53, a well-known and well-studied gene. Due 
to data from studies, 7P53 mutations are discovered in 90% of cases of cu- 
taneous SCC 

Mutations in genes occur under the influence of carcinogenic factors, 
such as UV radiation, non-organic arsenic compounds, ete. Upon further 
exposure to the carcinogenic agents, new genetic mutations are gained and 
keratinocytes undergo clonal expansion, leading to the development of car- 
cinoma in situ and consequently invasive SCC. In addition to TP53, many 
other genes, such as BCL2. RA: FR, etc. are believed to contribute to 
pathogenesis of cutaneous SCC. 

SCC in situ is a precursor of invasive SCC and characterized by the same 
morphological properties as invasive SCC that include nuclear atypia, fre- 
quent mitoses, cellular pleomorphism, dyskeratosis, parakeratosis and hy- 
perkeratosis. SCC in situ is frequently referred to as Bowen's disease. It 
should be noted that SCC in situ is differentiated from actinic keratosis, a 
precancerous skin lesion, by full-thickness involvement of the epidermis in 
the former. 


PATHOMORPHOLOGY 


‘There are two most common types of skin carcinoma: basal cell carcino- 
ma (BCC) and squamous cell carcinoma (SCC). BCC arises from basal 
cells, small, round cells found in the lower layer of the epidermis, SCC aris- 
es from squamous cells, flat cells located in the more superficial layers of 
the epidermis 

BCC is seen 4-6 times more frequently compared to SCC in white popu- 
lation, Among black people both types are seen equall 

Both types of skin carcinoma are mainly detected in sun-exposed areas of 
the body, most commonly in the head and neck region. Macroscopically, 
BCC is demonstrated as a growth or open sore in various appearances. ‘The 
following clinical variants of cutaneous BCC are distinguished, which are 
characterized by distinct incidence rate and clinical course (behavior): nodi- 
lar, superficial spreading, sclerosing (sclerodermiform, morpheaform), 
eystic, linear, infiltrated and pigmented (Figure 6.17). 
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‘Figure 6,17. Nodular (A) and superficial-spreading (B) types of cutaneous BCC. Samara- 
ssinghe V, Madan V, Lea JT, Focus on basal cell carcinoma. J Skin Cancer, 2011; Article 
iDaewtis ‘Available under the CC BY 4.0 license. 

Cutaneous BCC can by divided into the following categories depending, 
on the features of differentiation: 

differentiated ~ characterized by slight differentiation toward hair (kera- 
totic BCC), sebaceous gland (BCC with sebaceous differentiation), tubular 
glands (adenoid BCC). This category includes nodular variant of BCC; 

undifferentiated — characterized by the lack of the histologic signs of dif 
ferentiation. This category includes superficial spreading, sclerosing, cystic, 
linear, infiltrated and pigmented variants of cutaneous BCC. 

Histopathologically. the following variants of cutaneous SCC are distin- 
guished: keratinizing, non-keratinizing, basosquamous, acantholytic (ade- 
noid) and spindle-cell carcinoma. 

Cutaneous SCC is presented as a sharply defined, hyperkeratotic and 
scaly patch or nodular lesion with central ulceration and rolled margin or 
rarely exophytic lesion. SCC can be divided into the following histologic 
grades, based on the degree of nuclear atypia and keratinization: 

well differentiated — characterized by more normal-appearing nuclei, 
abundant cytoplasm (consequently little nuclear to cytoplasmic ratio) and 
‘extracellular keratin pearls; 

moderately differentiated — demonstrates features intermediate between 
well differentiated and poorly differentiated SCC; 

‘poorly differentiated ~ is characterized by high degree of nuclear atypia, 
frequent mitoses, greater nuclear to cytoplasmic ratio, and less keratiniza- 
tion; 

undifferentiated — lacks of the features of the squamous epithelium due to 
what the carcinoma cells cannot be distinguished from sarcoma, melanoma 
and lymphoma cells. 

BCC very rarely (0.1%) develops lymphatic or hematogenous metastases 
(mainly in the lungs and bones). SCC can develop lymphatic metastases 
more frequently, however, rarely as well. 1% of cases of SCC developed 
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against the background of actinic keratosis metastasize, while metastasis 
occurs in 2-3% of de novo cases. 


Staging of skin carcinoma 
‘TNM staging of skin carcinoma is detailed on page 665. 


cL ‘ATION 


Both types of skin carcinoma are mainly (in 80-85% of cases) located in 
sun-exposed areas of the body, most commonly in the head and neck region 
Rarely, they can occur on the trunk or extremi carcinoma can be 
also found on genitalia. 

Cutaneous BCC can look like pink growths or nodules, shiny or skin- 
colored bumps, growths with slightly elevated and rolled edges, red patches, 
scar-like area or linear sear (Figures 6.9, 6.13, 6.17). Erosion or ulceration 
can occur. Bleeding can happen when the lesion is traumatized. BCC is 
characterized by slow growing: by 0.5 cm per 1-2 years. 

Cutaneous SCC can appear as an ulcer, nodule, verruca or infiltrate de- 
pending on the location, causes and precancerous conditions (Figures 6.8, 
6.10). A shallow ulcer is the most common appearance of cutaneous SCC. 
‘The characteristic surface changes include scaling, crusting. cutaneous horn 
and deep ulceration, that can be observed in many cases, Not frequently, 
SCC presentation can include a pink cutaneous nodule with unchanged sur- 
face. Local deep infiltration or inflammation can manifest various local 
signs: numbness, pain. 

In cases of regional lymph node metastasis, enlarged regional lymph 
nodes can be palpated. Distant organ metastases can cause weight-loss, fa- 
tigue along with local signs specific to the involved organ. 


ICAL PRE! 


DIAGNOSTICS 


Clinical examination (history taking, inspection and palpation) can pro- 
vide with valuable information in patients with cutaneous carcinoma. Diag- 
nosis is made on the basis of visual examination and histopathological study 
. Biopsy should be carried out for any skin lesion suspi- 
cious of skin malignancy. In cases of cutaneous BCC, shave biopsy is most 
commonly used biopsy technique. Punch biopsy is employed when tissue 

from deeper part of the skin are needed to determine the depth of 
f biopsy is mainly required in cases of pigmented le- 
culty in distinguishing between pigmented BCC and 


sion when there is dif 
melanoma. 
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In cutaneous lesions suspicious of SCC, incisional or excisonal biopsy 
paramount for definitive diagnosis. The choice of biopsy technique depends 
on the size and location of the lesion, Therefore, in cases of small lesions, 
excisional biopsy is more preferably executed, 

In patients presenting with localized BCC, imaging studies are not com- 
monly indicated. Imaging studies are employed when involvement of deeper 
structures, such as soft tissue, neural structures or bone (or cartilage) is clin- 
ically suspected. In cases of SCC, regional lymph nodes and lungs should be 
examined by appropriate imaging studies (US, chest radiography, CT scan, 
MRI. or PE'T-CT scan). 

Once skin carcinoma is diagnosed, pretreatment (preanesthesia) evalua- 
tion may include complete blood cell count, comprehensive metabolic pan- 
el. and ECG, which assist in determining optimal therapy. 

Histopathologic examination of surgical specimen (resectate) determines 
the histological type of carcinoma, its degree of differentiation, T-stage and 
assess the removed lymph nodes, which are important for final pathologic 
staging and planning further treatment. 


TREATMENT 


Management of basal cell carcinoma of the skin 


Given the fact that the facial region is the most favorite site for BCC, the 
main goal of the treatment of this cancer is elimination of the lesion with 
best possible cosmetic result. Treatment option should be individualized aec- 
cording to location of the lesion and patients’ preferences. There are many 
well established and widely applied treatment options. Almost all treatment 
options for BCC can be performed in an outpatient setting. 


Surgical excision 


In most of the cases of BCC, surgery is the recommended, most effective 
treatment modality. The surgical approach varies depending on tumor loca- 
tion, size, and depth, Surgical modalities include electrodessication and cu- 
rettage, cryosurgery, standard excision, and Mohs micrographic surgery 

Guidelines recommend treating low-risk (small superficial) BCCs with 
electrodessication and curettage. This procedure destroys and removes the 
lesion and the surrounding margin of tissue via cauterization and curettage 
(scraping). The process can be repeated several times to maximize the prob- 
ability of complete tumor removal. ‘The efficacy of this procedure is tech- 
nique-dependent and the cure rates improve with the experience of the prac- 
titioner. 
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As an alternative treatment modality, standard excision can be used (if 4- 
mm tissue margins are provided) with linear repair, second-intention heal- 
ing, or skin graft. Margins are assessed postoperatively following standard 
excision. 

Mohs micrographic surgery is the most recommended procedure in high- 
risk lesions (¢.g., infiltrative BCC, recurrent BCC, sclerosing BCC, ete.) on 
the face when sparing normal tissue is paramount. 


Radiation therapy 


BCC of the skin is usually radi Several different types of radi- 


isotope-based brachytherapy (interstitial or topi 
electron beam radiation. ‘The radiation technique is modified depending on 
the site, size, shape, and depth of the tumor. Superficial radiation therapy 
uses rays that are more energetic than Grenz rays but less than orthovoltage 
extemal beam radiation. Despite its high cure rate, primary radiotherapy for 
cutaneous BCC is now used rarely because it is time consuming and ex- 
tremely expensive. High-dose brachytherapy is generally more practical for 
patients because of the shorter treatment time. 

For primary BCC, radiation therapy may be preserved when difficult ex- 
tensive plastic surgery is required. It also eliminates the need for skin graft- 
ing for extensive surgical defect. Thus. radiation therapy is the main thera- 
peutic option for cases of advanced or extended lesions, and in patients who 
are not suitable for surgery or surgery is not preferred by the patient after a 
discussion of risks and benefits. Radiation therapy may also be used as an 
adjuvant setting in cases with positive surgical margins. However, radio- 
therapy is contraindicated in patients with hereditary conditions predispos- 
ing to skin cancer (e.g., xeroderma pigmentosum, Gorlin syndrome, Wemer 
syndrome, Rothmund-Thomson syndrome, etc). It should be noted that 
BCC recurring at the previously irradiated sites tend to be aggressive and 
difficult to treat and reconstruct. 

It is important to note that in terms of long-term cosmesis, surgery is su- 
perior to radiotherapy for primary BCCs of the face smaller than 4,0 em in 
the greatest dimension. 


Other local treatment modalities 

Although, in general, treatment of BCC is most effectively accomplished 
by surgical therapy, there are relatively few exceptions to this guiding prin- 
ciple. If surgical therapy is not feasible or preferred, cryosurgery, topical 
therapy (e.g., imiquimod or 5-FU), photodynamic therapy (PDT), or radia- 
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tion therapy for BCC can be considered when tumors are low risk, with the 
understanding that the cure rate may be lower. 

Given the lack of histologic margin control and known subclinical exten- 
sion of BCC, cryosurgery (interchangeably referred to as cryotherapy) 
should be considered only in selected cases of low-risk BCC, when more 
effective treatment modalities are contraindicated or impractical. The objec 
tive of cryosurgery in the treatment of BCC is to cause selective destruction 
of the same volume of tissue that would have been removed with standard 
excision, 

Local therapy with topical 5% imiquimod (once daily, 5 days per week. 
6-12 weeks) or with topical 5-FU $% cream (twice daily, 3-6 weeks) is a 
recommended therapy for non-facial small (<2.0 cm) superficial BCCs. 
Properly selected lesions (on the trunk. neck, and extremities) can be treated 
with 80% cure rate with topical modalities. Nevertheless, according to data, 
the strength of evidence for the routine use of either of these agents as mon- 
otherapy for treatment of primary BCC is weak and recommended that these 
approaches be reserved for patients with small tumors in low-risk locations 
who are unable to tolerate more definitive therapi 

Adverse events after treatment with topical imiquimod or 5-FU include 
erythema, swelling, crust, erosions, ulcers, and eschar. These associated ad- 
verse events can limit patient compliance. as they can interfere with pa- 
tients” presentability and ability to work or attend social activities, resulting 
in decreased effectiveness. According to data 97%-100% of patients treated 
with these topical therapies for skin cancer, respectively, experienced at 
least one adverse event. 

PDT for BCC has been used for more than two decades. Photosensitizing 
agent (5-aminolevulinic acid or methyl aminolevulinate) can be used orally, 
parenterally, or topically. Although cosmetic effect of this therapy is good, 
the cure rate is low, being >50%. Photodynamic therapy as an adjunctive 
modality that can be used in cases of tumors with poorly defined borders 
and in those requiring difficult and extensive plastic surgery. Usually, a sin- 
gle treatment cycle is performed, but treatments may be repeated, Nonre- 
sponding lesions can be retreated in a week with a second cycle of PDT. 


Systemic treatment 

Hedgehog pathway inhibitors (vismodegib, sonidegib) can be used in pa- 
tients with locally advanced or recurrent BCC who are not candidates for 
surgery and radiation therapy. Immunotherapy with cemiplimab, a PD-L1 
inhibitor, is recommended in locally advanced or metastatic BCC previously 
treated with hedgehog pathway inhibitors. 
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Management of squamous cell carcinoma of the skin 


‘Treatment of cutaneous SCC depends on the size, location and stage of the 
lesion. Localized, superficial SCCs on the trunk and extremit can be 
treated with electrodessication and curettage in patients with low-risk tu- 
mors (see below). This procedure is not appropriate for invasive cutaneous 
SCC and for certain anatomic locations, including eyelids, lips, ears, etc. 
‘The main disadvantage of electrodessication and curettage is that no speci- 
men is available for margin evaluation. Nevertheless, this procedure is a 
minimally invasive, fast, well tolerated treatment option and provides high 
efficacy in properly selected patients with cure rate of >95%. Topical thera- 
pies (imiquimod or S-FU cream) are not used for the treatment of cutaneous 
SCC. The use of topical therapy is generally limited to in situ carcinoma. 


Surgical excision 

For invasive SCC, wide surgical excision and Mohs micrographic sur- 
gery is the primary treatment option. Surgery provides a high cure rate for 
the majority of patients with cutaneous SCC. About 98% of invasive SCC 
cases are treated with surgical excision, Surgical excision is a standard 
treatment option in areas where tissue sparing is not critical and should pro- 
vide clear (tumor-free) margins verified by frozen sections. Surgical exci- 
sion offers histologic verification of tumor margins and rapid wound heal- 
ing. Cure rates following surgical excision depend on the T stage of the tu- 
mor: it can reach >95% in cases of well-defined T1 lesions. 

When standard excision is performed for high-risk tumors, a linear re- 
pair, skin graft, or healing by second intention are recommended. If a repair 
requiring significant tissue rearrangement is indicated, closure should be 
delayed until negative histologic margins are confirmed. 

‘The followings are considered high-risk clinical features in cutaneous 
SCC: association with immunosuppr 
diameter >2.0 em; tumor depth >4 mm (> 6 mm for very hi 
localization on the ear; anogenital localization; tumor extension beyond the 
dermis into or through subcutaneous adipose tissue; low differentiation 
grade; perineural invasion. A 4-mm-margin of healthy tissue is recommend- 
ed in low-risk SCC (see abo risk tumors, a 6-mm-margin of 
healthy tissue is recommended for providing complete removal of the tu- 
mor. Data are insufficient regarding the value of regional lymphadenectomy 
following positive SLN biopsy; therefore, prophylactic lymphadenectomy 
should not be performed routinely. In cases of regional lymph node in- 
volvement, regional lymphadenectomy is carried out along with surgical 
excision. Given the fact that regional lymph nodes for periauricular region, 
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frontotemporal scalp and mid-face region are located in the parotid gland, 
skin SCs located in those regions with involvement of lymph nodes in pa- 
rotid gland require parotidectomy as well. The data about the benefit of SLN. 
biopsy is controversial in cases of cutaneous SCC. 

Mohs micrographic surgery is performed in selected patients with high- 
risk SCC in the facial region for tissue sparing and maximizing the likeli- 
hood of complete removal of the lesion; as well as in patients with any tu- 
mor at a critical anatomic site. According to data from studies, Mohs sur- 
gery yields local control rates of 95-100% versus 40-85% for traditional 
surgical excision, Nevertheless, Mohs surgery is time consuming and great- 
ly dependent on surgeon's experience and surgical technique. This proce- 
dure is considered ideal for removing small lesions on the face. Therefore, 
Mohs surgery is a procedure of choice in the following cases: when tissue 
sparing is needed: ill-defined SCC: recurrent SCC: high-risk SCC. 

Cryosurgery may be considered for low-risk cutaneous SCC when more 
effective therapies are contraindicated or impractical. 


Radiation therapy 

‘The presence of any of the above high-risk features in a patient with pri- 
mary SCC warrants discussion of the patient ina multidisciplinary team 
meeting. 

Radiation therapy as a primary therapy is considered if surgical excision 
would be extremely challenging or difficult to perform or would be likely to 
result in an unacceptable functional or aesthetic outcome. For this purpose, 
superficial radiation therapy, brachytherapy, EBRT and other traditional ra- 
diotherapy forms can be used. In appropriately selected patients with early- 
stage cutaneous SCC can also be used electronic brachytherapy with equiva- 
lent recurrence rates and cosmetic outcomes to Mohs micrographic surgery. 
Adjuvant radiotherapy is considered for patients with a high risk of local 
recurrence or with close or involved margins when further surgery carries an 
increased risk of complications, including functional or aesthetic problems. 
Adjuvant radiation therapy provides better locoregional control in cases of 

‘CC with high-risk features. The following cases should prompt use of ad- 

juvant radiation therapy: surgical margins < 2 mm, RI or R2 resection (if re~ 
excision is not feasible). Radiation therapy should also be performed when 
local disease is unresectable or not completely resectable. Radiation therapy 
can also be employed in recurrent lesions. 

PDT and laser therapy are not recommended in patients with SCC. 
Available data do not currently support the efficacy of either modality in the 
treatment of cutaneous SCC. The use of PDT is generally limited to in situ 
carcinoma. 
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Chemotherapy and targeted therapy 
Adjuvant chemotherapy, such as treatment with oral S-FU and EGER in- 
hibitors (cetuximab, erlotinib, gefitinib) can be used in cases of cutaneous 
SCC with high risk of systemic recurrence. 

Combination chemoradiotherapy with cisplatin and concurrent irradiation 
can improve locoregional control in locally advanced cutaneous SCC. 
Chemoradiotherapy is now considered the standard of care in locally ad- 
vanced disease following surgical resection, as well as in unresectable dis- 
ease, Cisplatin-based combination chemotherapy with S-FU, methotrexate, 
bleomycin, and doxorubicin all have been used to treat advanced cutaneous 
SCC, with variable outcomes. Carboplatin can be used as an analogue of 
cisplatin in those cases. Nevertheless, chemotherapy, alone or combined 
with radiotherapy, is commonly used mostly as palliative treatment; moreo- 
ver, its poor safety profile limits its use most of the time, especially in elder- 
ly patients. 

Cemiplimab (PD-1 inhibitor), an immunotherapy, became the first tar- 
geted therapy approved for advanced cutaneous SCC. It is indicated for 
metastatic cutaneous SCC or locally advanced cutaneous SCC in patients 
who are not candidates for curative surgery or curative radiation. 

Cetuximab (EGFR inhibitor) is approved for the initial treatment of lo- 
cally or regionally advanced SCC of the head and neck. Cetuximab when 
used alone is indicated for the treatment of recurrent or metastatic cases for 
which prior platinum-based therapy has failed. EGFR inhibitors are well 
tolerated, with relatively low risks, so they may be considered in eases not 
amenable to surgery or radiation or as an adjuvant in cases that pose a high 
risk of death, As 1g to data, cetuximab is safe and efficient for the 
treatment of patients, even elderly ones, with advanced cutaneous SCC. 
Current recommendations are to use cetuximab as an alternative to chemo- 
therapy in patients who cannot tolerate chemotherapy and who are not can- 
didates for surgery or radiation therapy. 


PROGNOSIS, 


BCC has very good prognosis following treatment, while SCC carcinoma 
is more aggressive and characterized by poor prognosis if untreated, >95% 
of BCC cases can be cured. 5-year recurrence rate is about 5%, 5-year recur- 
rence rate for primary BCC depends on the clinicopathological subtype and 
the used treatment option: Mohs micrographic surgery is associated with the 
lowest recurrence rate (1%), and standard surgical excision yields the hi 
est recurrence rate (10%). Recurrence rate is higher for recurrent BC 
about 15% after first surgery for recurrent tumor, nearly 50% after second 
excision for recurrent BCC. 
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Cure rate for localized cutaneous SCC reaches 96-99% when the tumors 
are adequately treated. More than 90% of cutaneous SCC cases are cured by 
local therapies, Even 70-80% of cutaneous SCC cases with nodal involve- 
ment are curable. SCC larger than 2.0 em is associated with about 15% re 
currence rate, and poorly differentiated SCCs recur at a rate of 25% follow: 
ing excision. Perineural invasion and lymph node involvement are associat 
ed with worst prognosis. Cutaneous SCC in organ transplant recipients has 
aggressive clinical course and characterized with poorer prognosis. 


PREVENTION 


Given that most of skin carcinoma cases are attributable to environmental 

factors, theoretically 

quate measures. The measures aimed at decreasing UV radiation exposure 
compose the backbone of skin cancer prevention. Therefore, the followings 
are the most effective primary preventive measures: 

* Avoiding excessive sun exposure. Limiting outdoor activities between 
10:00 and 16:00 even in winter and cloudy days, especially for fair 
skinned people: 

* Using broad-spectrum sunscreen with a SPF of at least 30, wearing pro 
tective clothing (broad-brimmed hat, baseball cap. ete.) and sunglasses; 

Avoiding tanning beds; 

* Patients with xeroderma pigmentosum are strictly recommended to get 
out in the open air only after sunset and to wear special clothing when 
they get out in the daytime: 

* Performing regular skin self-exam; it is very important to detect skin 
growths earlier. 

Treatment of precancerous lesions and in situ carcinoma, including Bow- 
en’s disease and erythroplasia of Queyrat is the best way to preclude pro- 
gression into invasive skin carcinoma, Given that both diseases are in situ 
carcinomas, they can also be treated with topical 5-FU cream 


Screening for skin carcinoma 

Current recommendations for skin carcinoma screening call for a skin 
examination every 3 years for people aged 20-40 and annually after age 40 
years. However, no sufficient evidence exists about the benefit of skin ex- 
amination. 


Follow-up for skin carcinoma survivors 


Exposure to risk factors requires vigilant follow-up even afler successful 
treatment; so, it continues to pose a risk for development of other primary 
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skin malignancies. The risk of developing multiple primary cutaneous car- 
cinomas is about 40% in long-term survivors. In other words, patients who 
develop one SCC have a 40% risk of developing additional SCCs within the 
next 2 years after diagnosis. This risk likely becomes much greater as more 
time elapses. Thus, patients with a history of cutaneous SCC should be 
evaluated with a complete skin examination every 6-12 months. 

Patients with high-risk tumors require skin and regional lymph node ex- 
aminations every 3-6 months following treatment. In patients with very 
high-risk tumors, imaging studies (CT scan, MRI) may be considered for 
surveillance. 
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EPIDEMIOLOGY AND STATISTICS 


Malignant melanoma (from now on melanoma) is one of the most ag- 
gressive malignancies in the human body. More than 90% of melanoma 
cases are found on the skin (the other percentage of melanoma is found on 
the lips, genitalia, eye, brain, oral mucosa, vagina and rectum). In 2020, 
more than 324,000 (in 2012, about 230,000) new cases of cutaneous mela- 
noma Were registered globally, comprising 1.7% of all malignancies and 
ranking 18th among all malignant neoplasms (excluding skin carcinoma). 
Approximately two thirds of cases of cutaneous melanoma are found in 
men. The risk of cutaneous melanoma increases with age. 1% of cutaneous 
melanoma cases are found among people aged <20 years. The risk of cuta- 
neous melanoma is the same in both sex under age of 40 years, but it be- 
comes higher among men >40 years and becomes 3-fold higher in men 
compared to women at age of >75 years. Since the beginning of 1970, the 
incidence of cutaneous melanoma has been increasing globally. 

‘The highest incidence of cutaneous melanoma is observed in Australia, 
New Zealand, Northern America, the lowest in South Central Asia. In Eu- 
rope the highest incidence is registered in Northem Europe, the lowest in 
Eastern and Southem Europe. 

Despite the fact that skin melanoma accounts for 4% of skin malignan- 
cies, 80% of cases of skin cancer-related death are attributable to cutaneous 
melanoma. In 2020, 57.043 (in 2012, about $5,000) cases of cutancous mel- 
anoma-related death were registered comprising for 0.6% of all cancer~ 
related cases globally, ranking 23th among all causes of cancer-related 
death. 


ETIOLOGIC FACTORS 


Intrinsic and environmental factors 


Although cutaneous melanoma is seen in white people 17-25 times more 
frequently compared to black population, everyone can develop cutaneous 
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melanoma regardless of skin color. However, fair-skinned, blond, red- 
haired, blue-eyed people and the people who are hardly tanned, or easily get 
sunburn following sun bath have an increased risk of developing cutaneous 
melanoma, The aforementioned groups of people have low capability to 
produce eumelanin, which is more photoprotective than pheomelanin (see 
page 153). 

For better describing skin color and sensitivity to UV radiation, and pre- 
dicting the risk for cutaneous melanoma, skin phototypes according to 
patrick classification are used as an indirect determinant (Figure 7.1). Fitz: 
patrick phototype I (pale white skin) is the most sensitive to UV radiation 
and associated with an increased risk of developing cutaneous melanoma 
(Figure 7.2). The risk is gradually decreasing towards the phototype VI, 
which is associated with the lowest risk of developing cutaneous melanoma 
(skin carcinoma as well). It should be noted that the melanocyte count and 
distribution of melanocytes along anatomic areas are approximately the 
same in different races, but the difference is in melanin production. 


AE 


Figure 7.1. Fitepatrick skin phototypes. 1. Celtic skin ~ skin color before sun exposure: 
ivory, eye color: light blue, light grey or light green; hair color: red or light blonde; sun 
reaction: always freckles, always burns and peels, and never tans; 2. Nordic (Aryan) or 
‘Norther European skin ~ skin color before sun exposure: fair or pale; eye color: blue, 
grey or green, hair color: blonde, sun reaction: usually freckles, often bums and pecls, 
does not tan easily; 3, Southem European skin ~ skin color before sun exposure: fair to 
beige, with golden undertones; eye color: hazel or light brown; hair color: dark blonde or 
light brown, sun reaction: rarely freckles, sometimes bums and tans tow light bronze; 4, 
‘Mediterranean or Middle Eastern skin — skin color before sun exposure: olive or light 
brown, eye color: dark brown, hair color: dark brown, sun reaction: does not really freck- 
le, bums rarely, and tans often, 5. Indonesian or Easter skin ~ skin color before sun ex- 
posure: dark brown: eye color: dark brown to black; hair color: dark brown to black; sun 
reaction: rarely freckles, almost never burns, and always tans, 6. Afro-Caribbean skin — 
skin color before sun exposure: deeply pigmented dark brown or darkest brown: eye col- 
or: brownish black: hair color: black; sun reaction: never freckles, never bums, and tans 
darkly. 
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‘The main role in the development 
of cutaneous melanoma belongs to 
UV radiation, the main source of 
which is the Sun and tanning lamps. 
As mentioned in chapter 2 UV-rays 
have 3 fractions (see page 19): UVA 
(the wavelength covers 400-315 
nm), UVB (the wavelength is be- 
tween 315 nm and 280 nm) and 
UVE (the wavelength lies in the 
range of 280-200 nm). UVA and 
UVB can pass through the layers of 
the atmosphere and reach Earth's 
surface in a high intensi 
is precluded by ozone 
atmosphere (see page 19). UV-rays 
used for indoor tanning belong to 
UVA fraction (because of longer 
wavelength, this fraction penetrate 
deeper in the skin [see page 20], reaching melanocytes and stimulating them 
to product melanin), but UVB fraction is responsible for erythema, sunbum 
(buming ability of UVB is 1000-fold higher than that of UVA) and devel- 
opment of cutaneous melanoma and skin carcinoma, Although the peak of 
absorption of the UV-rays by nucleic acids encompass the wavelength cov- 
ering the range of 280-260 nm, which corresponds to UVC fraction, that as 
explained earlier, cannot reach Earth's surface. ‘Therefore, as a result of ab- 
sorption of UVB by nucleic acids, DNA is damaged, herewith two kinds of 
damage occur: formation of 6-4 photoproducts (are formed between two 
adjacent pyrimidine bases) and cyclobutane-pyrimidine dimers (are formed 
by thymine and cytosine), which are the typical of UVB-induced DNA 
damages, It should be noted that UVA fraction can destroy DNA indirectly 
via forming free radicals and subsequently can increase the risk of skin can- 
cer, 

Globally, an estimated 168.000 new melanoma cases were attributable to 
excess UV radiation in 2012. It has been estimated that a 10% decrease in 
atmospheric ozone levels can increase the number of cases of cutaneous 
melanoma by 4500 cases per year. 

In the skin, normal melanocytes are found in the basal layer of the epidermis, Melano- 
eytes accounts for approximately 5% (2-10) of all cells of the epidermis. It means that 
1000-2000 melanocytes are found in 1 square mm of the skin. Each melanocyte has con- 
tacts with 30-50 mature keratinocytes by means of its dendrites. 
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Premalignant lesions 


Mole (melanocytic naevus), dysplastic naevus, naevus Sutton and Du- 
breuilh melanosis are the main lesions most commonly transformed into 
cutancous melanoma. 

About half of the cases of cutaneous melanoma arise from preexisting 
naevi and the other half occurs de novo, Melanocytic naevi are presented as 
pigmented benign neoplasms with distinct borders and composed of nests of 
melanocytes. They can be congenital or acquired (Figure 7.3). Several main 
clinicopathological types of melanocytic naevi are divided: junctional naevi, 
dermal naevi, compound naevi, and combined naevi. 

Junctonal naevi are flat naevi located at the junction of epidermis and 
dermis. It means that junctional naevi are located more superficially and be~ 
cause of that are exposed to UV radiation more intensely. In other words, 
junctional naevi have very great risk for malignization. ‘The risk of ma- 
lignization depends also on the number of naevi: the greater the number of 
junctional naevi, the higher the risk for developing melanoma. 

Dermal (intradermal) naevi have nests of naevus cells located in the 
dermis. They commonly have appearance of papule. plaque, nodule (some- 
times pedunculated) with smooth (Miescher naevus) or papillomatous sur- 
face (Uinna naevus). Due to the fact that dermal naevi are located deeply and 
UVB cannot reach them, they can hardly be progressed to melanoma, 

Compound naevi have nests of naevus cells located at the junction of ep- 
dermis and dermis as well as in the dermis. They most commonly appear as 
centrally elevated lesions surrounded by flat patch. Given the fact that these 
naevi have nests of naevus cells located also at the junction of the epidermis 
and dermis, they have a great risk for malignization. 


Figure 7.3. Melanocytic nacvi: A ~ acquired naevus, B- congenital dermal nacvi, With 
permission (www.peds org uk). 
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within the same lesion. Most commonly they are combined of compound 
naevus and blue naevus. These naevi have a risk for malignization as well 
because some nests of naevus cells can be located at the junction of epider- 
mis and dermis. 

Dysplastic naevi are presented as a mole resembling melanoma, The term 
of "dysplastic naevus" was firstly proposed by W.H.Clark (1978) and meant 
moles with atypical clinical and histopathological properties. 
Nowadays, this term means melanocytic naevi having greater size (°6 mm). 
indistinct botders and frequently heterogenous color. Some pathologists 
propose to describe these moles as "Clark naevus" supposing that the term 
of "dysplastic naevus" is confusing and controversial. Dysplastic naevi have 
a higher risk (by 8 times) of becoming malignant, The risk of malignization 
depends also on the number of dysplastic naevi: the greater the number of 
the naevi, the higher the risk of developing melanoma. In many cases, mul- 
tiple dysplastic naevi are associated with hereditary disorders (see below). 
2-8% of people of Caucasian race have dysplastic naevus. 

Sutton naevi (halo naevi ot leukoderma acquisitum centrifugum) are rare 
melanocytic naevi surrounded by a depigmented area (Figure 7.4). This type 
of mole is most commonly seen in children and young people. Sutton naevi 
commonly are located on the trunk, rarely on the extremities, and in the 
head and neck region, Presence of depigmented area is explained by an im- 
‘mune attack against the melanocytic naevus for an unknown reason (proba- 
bly, due to alterations in the mole under certain circumstances). As the result 
of this attack, along with the mole, the normal melanocytes in the 
surrounded area are affected as well, leading to formation of depigmented 
area, ‘The halos develop at intervals around one or several moles, but not 
around all of them. The central mole of Sutton naevus frequently fades in 
color and eventually can disappear. 
Halo naevi are benign lesions, but 
are frequently malignant at initial 
diagnosis. 

Dubreuith melanosis is a 
premalignant melanocytic lesion, 
which is considered a melanoma in 
situ (by analogy with Bowen's dis- 
case). This lesion is mainly seen in 
adults (60 years) and located in the 
sun-exposed areas, particularly in | 
the facial region. The lesion was Figure 7.4. Sutton naevi (arrows), With 
firstly described by J. Hutchinson PeT™msson (www:peds org.uk), 
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(1890) as a "senile freckle” with 
progressive radial growth, represent- 
ing "lentigo maligna", Later the le- 
sion was described by M. Dubreuilh 
(1912) as a “circumscribed precan- 
cerous melanosis". Dubreuilh mela- 
nosis is associated with the same 
risk factors as melanoma does. This 
lesion can arise from solar lentigo or 
can occur de novo in the sun- 
exposed areas, Clinically, Dubreuilh 
melanosis represents flat pigmented 
spot of dark-brown or black color 
with size of 2.0-5.0 em and is not 
raised from skin surface and pre~ 
serve the normal skin texture (Fig- 
ure 7.5), The lesion has normal skin 
density and irregular shape with dis- 
tinet borders. Dubreuilh melanosis 
ean persist for years without pro- 
gression, rarely can also undergo 
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Figure 7.5. A 48-year-old woman with Du- 
breuilh melanosis, The patient has a 4,0 cm 
well-defined, irregularly contoured, asym- 
metrical pigmented macule in the right ma 
Jar region. Jouari OEL. Elloudi S, Senhaji'G 
et al A particular Dubrheuil melanoma 
Integr Cancer Science Therap, 2018; 5: 1- 


Fades ean, 2. Available under the CC BY 4.0 license 


In addition to the aforementioned well-known melanocytic naevi, several 
rare types of naevi are present with the potential for malignization: eclipse 
naevus, cockade naevus. 

Eclipse naevi are characterized by a darker pigmented ring (or segment 
of ring) around a tan or pink centre, This type of naevus is mostly found on 
the trunk, and in children frequently seen on the scalp as well. Eclipse nae~ 
vus is a variant of compound naevus and because of that has a risk for ma- 
lignization, 

Cockaile naevi (naevi en cocarde) have a central dark mole surrounded 
by concentric circles of light and dark pigmentation (Figure 7.6 A). Cockade 
naevus represent a variant of junctional naevus and because of that has a 
risk for malignization. 

‘There are also other types of melanocitye naevi that have no potential for 
malignization: Meyerson naevus, Spits naevus, Reed naevus, Miescher nae- 
vus, Unna naevus, blue naevus, Ota naevus, Ito naevus. 

Meyerson naevi represent moles surrounded by a small ring of eczema- 
tous area, which is an itchy red rash (Figure 7.6 B). This type of naevus is 
mostly seen in young men (around age 30 years) and in women is seen 3 
times more rarely compared to men. Eezematous area around Meyerson 
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Figure 76. A — Cockade naevus, B - Meyerson naevus. With permission 
(www pods org uk), 
naevus usually resolve by itself within weeks. If unresolved or needs treat- 
ment, topical corticosteroid cream can be employed. Unlike Sutton naevus 
the central part of Meyerson naevus never changes or fades. 

Spitz naevi (spindle- and epithelial-cell naevi) are usually acquired pro- 
liferations of melanocytes with histopahtological features that overlap those 
‘of melanoma. This type of naevus is commonly seen in children with pale 
and fair skin (Fitzpatrick skin phototypes I and II), and mostly located in 
facial region and on the lower extremities. Spitz naevi classically appear as 
a pink, red or red-brown, dome-shaped, hairless papules or nodules (Figure 
7.7 A). They are commonly well-circumscribed and symmetric with a diam- 
eter less than 1.0 cm. The pigmented variant of Spitz naevus is called Reed 
naevus that is typically found in adolescent girls and young women most 
commonly on the thigh. These lesions tend to demonstrate an initial rapid 
growth, but further over years remain unchanged in size, and can occasion- 
ally disappear without any trace. Due to fact that melanocytes in Spitz and 
Reed naevi are located in the deeper dermis, they cannot be targets for UVB 
exposure, thereby, have no potential for malignization, 

Miescher naevi are acquired dermal melanocytic moles with a dome 
shape, smooth surface, brownish color (rarely skin-colored) and firm densi- 
ty, These lesions are mostly (>90% of the cases) located on the face repre- 
senting the most common (>90%) intradermal melanocytic naevi in the fa- 
cial region. The other type of dermal melanocytic naevi, Unna naevus has a 
papillomatous surface and soft density, unlike Miescher naevus, and is 
mainly found on the neck, trunk and extremities (nearly in 90% of the cases) 
representing the most common (>90% of the cases) dermal melanocytic 
naevi at these sites. Given that dermal melanocytic naevi do not undergo 
malignization (due to UVB cannot penetrate deeper and thereby, cannot 
reach these moles), Miescher naevus and Unna naevus have no potential for 
malignization as well, as variants of dermal melanocytic naevi. 
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Figure 7.7. A Spitz naevus, B — Blue naevus, With permission (ww.peds.ong uk). 


Blue naevi are benign proliferations of dendritic dermal melanocytes that 
actively produce melanin and resembles melanocytes migrating from neural 
crest to the epidermis. The blue color (ceruloderma) is due to absorbing of 
longer wavelengths and scattering of shorter wavelengths of visible light 
(blue and violet range) by the dermal melanin (Figure 7.7 B); the phenome- 
non is known as the Tyndall effect. The sites of propensity of blue naevi 
(the head and neck. dorsal surface of lower extremities, sacral area) repre- 
sent location where active dermal melanocytes are normally still present at 
the time of birth. Benign lesions originating from dendritic dermal melano- 
cytes include also naevus of Ota, naevus of Ito and Mongolian spot. Naevi 
of Ota and Ito represent a hamartomatous proliferation of dermal melano- 
cytes (Mongolian spot is characterized by less density of melanocytes). 
‘Naevus of Ota occurs at the sites (on the forehead and face around the eye) 
innervated ophtalmic and maxillar branches of trigeminal nerve; hence, is 
also called naevus fiscoceruleus ophuainomexillais (Figure 7.8). Naevus 
of Ito is seen at the sites (on the 

shoulder and upper arm; shoulder 
girdle) innervated by cutaneous 
branches of posterior supraclavicu- 
lar nerve and lateral brachial cuta- 
neous nerve; hence, is also called 
naevus fuscoceruleus acromiodel- 
toideus. Naevi of Ota and Ito are 
most commonly seen in Asian peo- | 
ple (nearly 80% are found in wom- 
bout 0.5% of Japanese people 
have naevus of Ota, Both forms of 
naevi are uncommon among Cauica- 
sians, Naevus of Ota is seen unilate- 


Bayramov RB Textbook of Oncology 


rally in 95% of the cases (bilateral cases are called naevus Ori). Mongolian 
spot is observed in newborns and found on the buttocks, distal area of the 
back, rarely on the trunk and extremities; fades with time, Due to fact that 
all these lesions are located deep in the dermis they cannot become targets 
for UVB; thereby, these naevi have no potential for malignization, 

It should be noted that cases of multiple blue naevi are frequently associated with a he- 


reditary disorder known as Camey complex. a condition associated with development of 
certain solid tumors (thyroid carcinoma, adrenocortical carcinoma ete). 


Inherited disorders 


Approximately 10% of skin melanoma cases are associated with inherit- 
ed conditions, ‘There are various inherited disorders (about 15 entities) asso- 
ciating with an increased risk of developing skin melanoma. Among them 
the best-known ones are the followings: 

Familial atypical multiple mole melanoma syndrome, 
Hereditary homozygous mutations in MCIR gene, 
Xeroderma pigmentosum, 

Werner syndrome, 

BAP! tumor predisposition syndrome. 

Noonan syndrome with multiple lentigines, 
Hereditary retinoblastoma, 

Ataxia telangiectasia, 

PTEN hamartoma and tumor syndrome, 


Familial atypical multiple mole melanoma syndrome (FAMMM syn- 
drome) is a hereditary disorder (the inheritance pattem is autosomal domi- 
nant) characterized by the occur- 
rence of multiple (usually >$0) mel- 
anocytic naevi of various size and 
color with atypical appearance 
(asymmetrical, raised with different 
shades of tan, brown, black or red 
colors) resembling early melanoma 
(Figure 7.9), 40% of cases of 
FAMMM syndrome is associated 
with identifiable inherited heterozy- Figure79: Multiple dyaplashie naevi inp 
gous mutations in CDKN2A gene tient with FAMMM. Lynch HT, Lynch JF, 
(9p21.3) and up to 10% are related Lanspa SJ. Familial pancreatic cancer. Can- 
to germline heterozygous mutations es, 2010, 2; 1861-1883, Available under 
in CDK4 gene (12q14.1). Inthe re- CC BY 3.0 license. 
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maining percentage of cases, the underlying genetic alterations are un- 
known. The manifestation of the disorder is commonly present in childhood 
and adolescence, but can be demonstrated at any age. Dysplastic moles are 
most frequently found on the back, buttocks, chest and scalp. Melanoma can 
arise from preexisting atypical moles or de novo and can be detected as ear- 
ly as the second and third decade of life of affected individuals. As the 
number of members developing skin melanoma within family inci 
likelihood of its association with FAMMM syndrome also i 
should be noted that 20% of familial melanoma cases in Australia and 60% 
in Europe are associated with inherited CDKN2A mutations. 

‘The second most common malignancy seen in those with inherited 
CDKN2A mutations is pancreatic carcinoma; these individuals have 90% 
risk of developing melanoma, 20-30% risk of developing pancreatic carci- 
noma by age of 80 years. Other cancers that can be less frequently associat- 
ed with FAMMM syndrome are lung carcinoma, breast carcinoma, esopha- 
geal carcinoma and sarcomas. 

FAMMM syndrome cases associated with inherited CDK4 mutations are 
rare events, and so far, 12 families have been reported in literature, >90% of 
cutaneous melanoma cases in those individuals are detected by age of 60 
and 20% by age of 30 years. >40% of individuals with cutaneous melanoma 
develop >2 melanoma foci. 

Hereditary homozygous mutations in MCIR gene (16q24.3) is character- 
ized by impaired synthesis of normal melanin (eumelanin), This gene en- 
codes MCI-receptor located on the melanocytes membrane that represents & 
receptor for d-MSH (a-melanocyte 
stimulating hormone), a factor stim- 
ulating production of melanin in 
melanocytes for pigmentation. Mel- 
anoeytes produce 2 types of mela- 
nin; eumelanin, a pigment that de- 
temmines the color of the skin and 
hair, and pheomelanin, a pigment 
that determines the color of the 
red/blond hair and freckles (Figure 
7.10). ‘The ratio of these pigments 
determines the color of the skin and 
hair, and is dependent on MCIR 
gene polymorphism (as well as on Figure 7.10, Phenotype characteristic of 
inherited MCJR mutation). In other hereditary MCIR gene mutation (pale skin. 
words, people with inherited A/C/R ted hair and multiple freckles on the areas 
mutations are very sensitive to UV ®Posed to intense solar radiation), 
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radiation. Although penetration potential of this condition regarding skin 
melanoma is very low. Very high prevalence of this genotype gives reason 
to believe that in the development of family melanoma, this condition is 
more commonly responsible when compared with inherited CDKN2A mu- 
tations because the second condition is observed very rarely. 

Xeroderma pigmentosum is also associated with an increased risk of de- 
veloping cutaneous melanoma in addition to skin carcinoma (see page 166). 

Werner syndrome (progeria) is a hereditary, autosomal recessive disorder 
that occurs due to germline homozygous mutation in the RECQL2/WRN 
gene (8p12). This disorder is characterized by premature aging, Protein 
Wemer encoded by IVRN gene acts as other helicases and participates in 
reparation of DNA damage. Prevalence of this disorder constitutes 
1/200,000 in the United States, 1/20,000-40.000 in Japan. 70% of cases of 
‘Wemer syndrome in Japan are observed in families of consanguineous mar- 
riage. The children with Werner syndrome appear to be normal during child- 


hood, but at puberty, growth rate 
slows and growth stops in adoles- 
cence, As a result, the affected indi- 
viduals have short stature and low 
weight. By age 20-25 years, the pa- 
tients experience early graying of 
hair (canities) and premature loss of 
scalp hair (alopecia). The individu 
als with Wemer syndrome have thin 
extremities due to impaired fat dis- 
tribution and muscle atrophy. Owing 
to characteristic facial abnormali 

ties, the patients may have bird-like 
facial appearance, Wemer syndrome 
is also characterized by premature 
senile cataracts, non-insulin depend- 
ent diabetes mellitus, arteriosclero- 
sis. Affected women may ex 
ence premature menopause by age 
20-22 years (Figure 7.11) 

By age of 25 years, individuals 
with Werner syndrome develop pro- 
gressive degenerative skin changes, 
particularly in facial area and on’ 
tremities. Skin changes include at- 
rophy. hyperpigmentation and hy- 


Figure 7.11. Melanoma of the left nasal 
cavity in a S4-year-old woman with Wemer 
syndrome. 10 months later, melanoma de- 
veloped in the right nasal cavity, The patient 
has a history of melanoma of the right labin 
majors, left sole and left heel. At the age of 
26 years, the patient experienced amenor- 
thea, at the age of 37 years developed bilat- 
eral cataract. The younger sister also has a 
history of melanoma of the left nasal cavity. 
Her brother also suffers from Werner syn- 
drome. Kadowaki Y, Kodama S, Moriyama 
M, Suzuki M. The relationship between 
Wemer syndrome and sinonasal malignant 
melanoma: two sibling cases of Wemer 
syndrome with malignant melanoma. Case 
Rep Otolaryngol, 2017, Article 1D 9361612. 
Available under the CC BY 4.0 license, 
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popigmentation, hyperkeratosis, "Scleroderma-like" skin patches and skin 
ulcers may be observed in some patients. 

Individuals with Wemer syndrome have an increased predisposition to 
developing various cancers, such as carcinomas (thyroid carcinoma, skin 
carcinoma), sarcomas (soft tissue sarcoma, osteosarcoma), melanoma (cuta- 
neous and extracutaneous), malignant meningioma and leukemia, It should 
be noted that in people with Werner syndrome, non-epithelial malignancies 
are seen 2 times more commonly than epithelial ones (carcinomas), while 
this ratio makes up 1/10 in the general population. 

Melanoma in individuals with Werner syndrome develops not only on the skin, but also 
in the eyeball, pharynx, esophagus, paranasal sinuses and nasal cavity (sinonasal mela- 
noma), and on the labia majora. Up to 10% of melanoma cases associated with this syn- 
drome can be seen on the mucous membrane, 50-5 cof cases in the head and neck re~ 
gion, most often inthe form of sinonasal melanoma. In other words, melanoma in Werner 
syndrome quite often develops in areas of the body that are not exposed to solar radiation. 
Tt should be noted that sinonasal melanoma is observed in the general population aged 60- 
80 years, while in patients with Werner syndrome at the average age of 48 years. 

Due to progressive atherosclerosis, malignancies and other associated 
abnormalities, most of the individuals with Wemer syndrome experience 
life-threatening complications at 
fourth or fifth decade of their life, 
due to that the average life expec- 
tancy of these patients is 50 years. 

BAPI tumor predisposition syn- 
drome is a rare inherited, autosomal 
dominant disorder that occurs due to 
heterozygous mutations in BAPJ 
gene (3p21.1). The gene encodes 
BAP1 (BRCAI-associated protein) 


known as ubiguitine carboxy 
terminal hydrolase 1, a protein func 
tioning as deubiquitinase enzymes 
that remove ubiquitin from certain 
proteins, BAPI is considered to 
have a tumor-suppressor activity as 
well. Thus, loss of BAPI function 
leads to development of some ma- 
lignant tumors, The syndrome is 
characterized by development of 
various cancers in different organs 
(Figure 7.12). Individuals with 
BAP! mutations frequently develop 


Figure 7.12. A 72-year-old woman with a 
hereditary mutation in the BAP gene. The 
patient has retinal melanoma, involving 
almost the entire retina, and malignant mes- 
cthelioma. The patient has a family history 
fof malignant mesothelioma (father and 
brother who worked in the asbestos industry 
died of this tumor). Two children of the 
patient died from acute lymphocytic leuke- 
‘mia and from kidney carcinoma at the age 
of 17 and 41 years, respectively. Klebe S, 
Driml J, Nasu M et al. BAPI hereditary 
cancer predisposition syndrome: a case re- 
port and review of literature. Biomarker 
Res, 2015, 3: 14-21. Available under the CC 
BY 40 license. 
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benign (Spitz naevi called also BAPoma) and malignant neoplasms (skin 
melanoma, uveal melanoma, cutaneous BCC, renal clear cell carcinoma, 
malignant mesothelioma, lung adenocarcinoma, cholangiocarcinoma). 
‘Thereby, this condition is also called COMMON syndrome; the name im- 
plies the oncologic spectrum of the disorder (cutaneous and ocular mela- 
noma and atypical melanocytic proliferation with other internal neoplasms). 
‘The individuals with this disorder develop more than one malignant neo- 
plasm; the malignant tumors associated with this syndrome tend to occur at 
younger age and have often more aggressive clinical course. 


Noonan syndrome with multiple lentigines is a rare (about 200 eases have 
been reported in literature) hereditary, autosomal dominant disorder that oc- 
curs due to germline heterozygous mutations in one of the following genes: 
PTPN11 (12q24.13) in 80-85% of the cases, RAF] (3p25.2) in 10% of the 
cases, BRAF I (734) and MAP 2K (15q22.31) in the remaining cases. The 
syndrome is also known as LEOPARD syndrome that represents the abbre- 
viation of the main characteristic features of the disorder: lentigines, elec- 
trocardiographic conduction anom- 
alies, ocular hypertelorism, pulmo- 
nary stenosis, abnormalities of geni- 
talia, retardation of the growth and 
sensorineural deafness (Figure 
7.13). 

‘The disorder represents one of 
the most common types (the second. 
afler Noonan syndrome) of neuro- 
cardio-facial-cutaneous _ syndromes 
and is characterized by unusual faci- 
al features (broad forehead, droop- 
ing eyelids, broad nose, low-set 
ears, short neck, lower than usual 
hairline at the back of the head), 
short stature, heart defects (stenosis 
of pulmonary artery, septal defect, 
hypertrophic cardiomyopathy and 
tetralogy of Fallot), abnormal bleed- Available under the CC BY 2.0 license 


199 


Bayramov RB Textbook of Oncology 


ing (bleeding diathesis), skeletal malformations, multiple lentigines and "ca- 
f8-au-lait spots". Within the first months of the life, the diagnosis can be 
supposed on the basis of three main signs: facial dysmorphism (in 90-100% 
of the cases), hypertrophic cardiomyopathy (in 90% of the cases) and "café~ 
aut-lait spots” (in 75% of the cases). Individuals with Noonan syndrome with 
multiple lentigines have a high risk of developing leukemia, neuroblastoma 
and melanoma. 

Hereditary retinoblastoma is a hereditary, autosomal dominant disorder 
that occurs due to germline heterozygous mutations in RB/ gene (13q14.2) 
Which encodes protein RB that controls the growth and proliferation of cells 
in various organs. Only 10-20% of patients with hereditary retinoblastoma 
have a family history, in other cases, germline mutations in the mentioned 
gene oceur de novo, Sometimes, the cause of familial retinoblastoma is not a 
mutation in the RBJ gene, but a deletion of the region of chromosome 13, 
Where the RB/ gene is located, which can lead to mental retardation, devel- 
opmental delay, hearing loss, ete. The condition is characterized by devel- 
opment of retinoblastoma at the age of 2-3 years; commonly multifocally 
and/or bilaterally (Figure 7.14). In individuals cured of retinoblastoma, the 
risk of various mesenchymal and epithelial malignant tumors (pinealoblas- 
toma, sarcomas, bladder carcinoma, lung carcinoma, breast carcinoma, ete). 
non-Hodgkin lymphoma and melanoma increases by 20-30 times in the 
fourth or fifth decade of life. The cumulative lifetime risk of developing a 
second malignant tumor is approximately 70% in affected patients. The risk 
of developing melanoma increases by 4-20 times. The risk of developing a 
second malignant tumor in hereditary retinoblastoma is 9-11 times higher 
compared with cases of sporadic retinoblastoma. Pineoblastoma with bilat- 
eral retinoblastoma is called trilateral retinoblastoma. 

Secondary tumors in patients with hereditary retinoblastoma develop 

several decades after retinoblastoma treatment. Lymphoma in affected pa- 
tients usually develops about a dec- 
ade earlier than osteosarcoma and 
chondrosarcoma, It should be noted 
that sarcomas are the most common 
tumor in patients with a history of 
hereditary retinoblastoma, and, un- : 
Tike Lymphoma, they mainly develop ee er ee 
in the area that has undergone radio- with retinoblastoma of the left eye, Aerts I, 
therapy for the treatment of reti- Rouic LL, Gauthier-Villars M et al. Reti- 
noblastoma. Pineoblastoma devel- noblastoma Orphanet J Rare Dis, 2006, 1 
ops in 8% of children with bilateral 31-41. Available under the CC BY 2.0 li- 
retinoblastoma, me 
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The risk of death from malignant epithelial tumors is 11 times higher at age 25-44 
‘years, 3 times higher at age 65-84 Years. Iti possible to reduce the risk of cancer devel- 
‘opment inthe affected individuals by restricting the contact with DNA-damaging agents, 
such as smoking, radiotherapy, and exposure to UV radiation. 

Ataxia telangiectasia (syndrome Louis Bar) is an inherited, autosomal re- 
cessive disorder that occurs due to homozygous mutations in ATM (ataxia 
telangiectasia mutated) —_gene 
(11q22.3), which encodes protein 
ATM that recognizes defects in 


DNA and coordinates their repair, as 
well as controls cell division and its 
temp. In addition, protein ATM 
plays very important role in devel- 


tural elements of nervous and im- 
mune systems. 1% of the population 
in Wester countries are carriers of 
mutated ATM gene. One out of 
40.000-100.000 babies are born with Figure 7.15. Severe telangiectasia (dilated 
this syndrome. The disorder is char- poles pecese Ce 
acterized by progressive neuro-  siek A Taylor M. The clinical variability of 
degenerative abnormalities mani- ataxia telangiectasia ~ an update, ACNR, 
festing as a cerebellar ataxia (this 2015; 15: 810. With permission 
manifestation is a hallmark of this ("WW #enrcom) 

disorder and observed in 97% of cases), ocular telangiectasia, immune de- 
fects and predisposition to development of various malignancies (Figure 
7.15), Children with this syndrome are usually confined to a wheelchair by 
age of 10 years of age. By the age of 20 years, Louis Bar syndrome is fatal 
in most cases, ‘The risk of developing malignancy increases by up to 100 
times compared to the general population; much higher for lymphoid neo- 
plasms, In 40% of the patients with ataxia telangiectasia, melanocytic naevi 
develop, which subsequently can undergo malignant transformation; the risk 
for malignization of melanocytic naevi is especially much higher in patients 
with ataxia telangiectasia, 


In recent years, evidence has been accumulated that not only hereditary homozygous. 
‘mutations in the A7M gene, but also heterozygous mutations and some polymorphisms in 
this gene are associated with an increased risk of certain malignant diseases. According to 
data, the 15189037 (G>A) ATM gene polymorphism is associated with a significantly in- 
creased risk of developing himg carcinoma, breast carcinoma, papillary thyroid careinoma, 
‘and oral mucosal carcinoma, 
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‘One of the effective and simple tests for recognizing ataxia telangiectasia is the deter- 
‘mination of "fetal protein*, u-fetoprotein in blood plasma. More than 95% of people with 
ataxia telangiectasia have an elevated plasma a-fetoprotei titer, After all possible causes 
of an increase in the titer of a-fetoprotein in blood plasma have been excluded, ataxia 
telangiectasia should be thought of asthe cause of this condition. 


PTEN hamartoma and tumor syndrome includes several related condi- 
tions: Cowden syndrome (multiple hamartoma syndrome), Bannayan-Riley 
Ruwvaleaba syndrome, Proteus syndrome and Lhermitte-Duclos disease in 
adults, As the name implies, these conditions occur due to germline muta- 
tions in the PTEN gene (10q23.31). The PTEN gene codes for a specific en- 
zyme, which acts as a tumor suppressor and exists in almost all tissues of 
the body (see page 412). Cowden syndrome, which is a rare hereditary, au- 
tosomal dominant disorder that is characterized by multiple hamartomas and 
malignant tumors (mainly breast carcinoma, thyroid carcinoma, endometrial 
carcinoma, colorectal carcinoma). The risk of developing melanoma in 
Cowden syndrome and Bannayan-Riley-Ruvalcaba syndrome reaches an 
average of 6%. 


Conditions associating with an increased risk of cutaneous 
melanoma 


White people have the highest risk of developing cutaneous melanoma. In 
the United States, white people account for 77.3% of the population, while 
98.2% of cutaneous melanoma cases are seen in those. 

Personal and family history of cutaneous melanoma is associated with an 
increased risk of cutaneous melanoma (up to 10 times and 2 times, respec 
tively). History of multiple cutaneous melanomas (synchronous or meta- 
chronous) is associated with much more increased risk of developing the 
next cutaneous melanoma. 

History of skin carcinoma (BCC or SCC) is associated with higher risk of 
developing cutaneous melanoma. 

Immune deficiency (congenital or acquired), as well as organ transplan- 
tation (solid organ or stem cell transplantation) is associated with an in- 
creased risk of developing cutaneous melanoma. 

History of sunburn (especially blistering sunburn in childhood) is asso- 
ciated with an increased risk of developing cutaneous melanoma, 
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Regardless of associated risk factors, in 80% of cases of cutaneous 
melanoma and melanocytic naevi, mutations in BRAF and NRAS genes are 
observed, MAPK (mitogen-activated protein kinase) cascade regulates cell 
prolifearation, growth and migration, Mutations in the aforementioned 
genes result in activation of BRAF serine’threanine kinase (in 40-50% of 
cases) and G protein NRAS (in 15-20% of cases), leading to the MAPK 
pathway activation, which is recognized to have a crucial role in the 
development of melanoma. ‘The most common mutation in the BRAF ge 
V600E (about in 70% of eases), whi 
thymidine to adenine (TA), resulting in the substitution of valine with 
glutamine in the protein product leading to the activation its kinase domain, 
Mutations in the BRAF gene (mostly V600E) are more common in 
cutaneous melanoma that develops in sun-exposed areas of the body; 
however, TA transversion is not classically related to UV exposure. 
‘V600K mutation that represents 20% of BRAF mutations, results in another 
substitution in the encoded protein, Given the fact that BRAF mutations 
occur in approximately 80% of the cases benign and displastic naevi, it is 
believed that they alone are not sufficient for the development of cutaneous 
melanoma. So BRAF V600 mutations represent an early event in the 
development of cutaneous melanoma. It should be noted that many cases of 
naevi and primary cutaneos melanomas are polyclonal and contain cells 
with mutated BRAF gene and cells with wild-type BRAF gene, Metastatic 
melanomas unlikely are monoclonal. Interestingly BRAF V600E mutation 
is most commonly observed in women and is characterized by inverse 
correlation with age, while the rate of V600K mutation increases with age, 

‘The QIGR mutation represents the most common NRAS mutation in cu- 
taneous melanoma cases. Activating RAS mutations are observed in only 10- 
20% of melanoma cases, with RAS mutations being the most common, 
‘These mutations result in a serial activation of serine’threonine kinases, 
stimulating cell cycle progression, cell transformation, and cell survival 
BRAF mutations only activate the MAPK pathway, while activating NRAS 
mutations simultaneously activate the MAPK and PI3K pathways. NRAS 
and BRAF mutations rarely co-occur, indicating that a mutation in one of the 
two genes is sufficient to activate the MAPK pathway. It should be noted 
that activating BRAF mutations are common in melanocytic naevus cells 
(70-80% of cases dysplastic naevus). In contrast, VRS mutations are rare in 
and are most commonly observed in congenital ones, including Spitz. 


characterized by the conversion of 


It is important to note that the uncontrolled activation of the MAPK sig- 
naling pathway in melanomas may also occur due to overexpression of 
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growth factor receptors such as c-Met, ¢-KIT and EGFR (epidermal growth 
factor receptor). 


PATHOMORPHOLOGY 


Clinicopathologically cutaneous melanoma is classified into 4 major 
: superficial spreading, nodular. lentigo maligna and acral lentiginous. 
icial spreading melanoma is the most common type, constituting 
for approximately 70% of cutaneous melanoma. Superficial spreading mel- 
anoma represents a flat and thin, slowly growing lesion with indistinct bor- 
der and varies in color having different shades of red, brown, black, blue, 
grey and white. This type of melanoma tends to grow radially and spread 
across the surface of the skin. But it can also grow vertically. Superficial 
spreading melanoma is most likely associated with preexisting naevus and 
commonly seen on the trunk and extremities. It tends to occur on the back in 
men and legs in women. 
fodular melanoma is the second most common type, accounting for 
nearly 20% of cutaneous melanoma cases. This type of melanoma demon- 
strates an exophytic grows with an appearance of polipoid papule or nodule 
being sometimes pedunculated. Nodular melanoma commonly appears as a 
darkly pigmented (mostly black, sometimes red or pink) or sometimes, 
amelanotic lesion. It commonly occurs on the face, chest or back. Nodular 
melanoma can also be found in areas not undergoing sun exposure (Figure 
7.18 A). This type of melanoma is the most aggressive cutaneous 
melanoma. 

Lentigo maligna melanoma appears as a large, flat macules of tan or 
brown colour with indistinct border. This type of melanoma comprises 10- 
15% of cutaneous melanoma cases, and most commonly found in older 
people. It tends to get darker as it grows and can have many shades of 
brown or black. It most commonly arises from lentigo maligna, an in situ 
tumor, which is an early form of growth within epidermis. Lentigo maligna 
melanoma usually grows exophytically before it starts to grow vertically. 
This type of melanoma usually found in sun-exposed areas (on the fi 
ears, arms). These lesions can be easily mistaken for age spots. This type of 
melanoma is considered the least invasive type of skin melanoma. 

Acral lentiginous melanoma (melanoma located on the palms, soles, and 
nailbeds) presents as a faint pink spot of discoloured skin that is commonly 
dark brown or black. Acral lentigenous melanomas are distinetive because 
they can occur in individulas of any ethnic origin and in persons with no 
history of significant sun exposure. It comprises about 5% of all cutaneous 
melanoma cases and is mainly seen in people with dark skin, those from 
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African, Asian and Hispanic ances- 
tries. This type of melanoma is the 
most common type of cutaneous 
melanoma detected in dark-skinned 
people, Before growing vertically, it 
growths exophytically for a long 
time, As the name implies, acral len- 
tigo melanoma develops on the 
palms and soles, or under the nails 
(Figure 7.16). Given the fact that 
these melanomas appear as an ab- 
normal area in the aforementioned 
sites, it is difficult to detect acral 
lentiginous melanoma. 

‘There are also seen rare types of 
cutaneous melanoma: desmoplastic, 
amelanotic and spitzoid (Figure 
7.17). 
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Figure 7.16. Acral lentiginous melanoma of 
the sole in a S8-year-old man. Kosmidis C, 
Efthimindis C, Anthimidis G et al. acral 
lentiginous melanoma: a case control study 
and guidelines update. Case Reports in 
Medicine, 2011: Article ID 67081. Availa- 
ble under the CC BY 4.0 license. 


In addition to the clinical and pathomorphological differences, there are 
genetic differences within any type or between melanoma types as well. As 
an example, BRAF mutations occur in two thirds of the superficial spreading 
melanoma, while these occur only in a small proportion (15%) of acral len- 
tiginous melanoma. 

Melanoma can develop lymphatic, satellite (in-transit), and distant meta- 
stasis (Figure 7.18 B). Metastasis 
can be found in 15-16% of melano- 
ma cases, most commonly in re- 
gional lymph nodes (half of the 
metastatic cases), Distant metastasis, 
can involve all distant organs (in- 
cluding the skin): lungs, brain, bone, 
liver, hollow organs, ete. 


Staging of skin melanoma 


TNM staging of cutaneous 
melanoma is detailed on page 666. 


Figure 7.17, Clinical appearance of desmo- 
plastic melanoma. ‘The diagnoses that ure 


suspected clinically range from BCC to 
dermatofibrosarcoma protuberance or 


CLINICAL PRESENTATION 


Cutaneous melanoma can occur 
in any region of the body (sun-exp- 
osed or non-exposed) and at any 


amelanotic melanoma. Manganoni AM, 
Farisoglio C, Bassissi $ et al. Desmoplastic 
melanoma: report of 5 Cases. Dermatol Res 
Practice, 2009; Article ID 679010, Availa- 
‘ble under the CC BY 4.0 license 
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B 
Figure 7.18. A ~ Nodular melanoma of the right sole; B - Cutaneous in-transit metastasis. 
in the same patient. Kouassi KA, Kassi K, Kouamé K et al, Melanoma of the right foot 
simulating Kaposi's disease, Case Rep Dermatol Med, 2015, Article ID 750491. Availa- 
ble under the CC BY 4.0 license. 
age. ‘The most common site involved of cutaneous melanoma in men is the 
back (nearly 40% of melanoma cases detected in men), and in women is the 
lower extremities (up to 40% of melanoma cases detected in women). At 
early stages, cutaneous melanoma appears as an unusual looking freckle or 
mole, Cutaneous melanoma may have variety of colors: tan, dark brown, 
black, red, blue and sometimes grey. Melanoma can grow horizontally 
and/or vertically; during horizontal growth melanoma remains flat, while in 
the result of vertical growth it becomes thickened and raised. 

Some cutaneous melanomas may be tender or itchy. More advanced le- 
sions may bleed easily or have crust over 

Skin melanomas commonly have the features described by the 
ABCDE+EFG criteria or by the Glasgow 7-point checklist. It should be not- 
ed that not all melanocytic lesions with these features are malignant and not 
all melanomas have these features. 

For superficial melanomas ABCDE signs are applied: A ~ asymmetry in 
shape and color; B — border irregularity (including ill-defined and smudgy 
margin); C ~ color variation (including color change), D ~ different from 
the patient's other nevi, as persons’ all melanocytic naevi resemble each 
other (formerly diameter >6 mm); E ~ evolving (enlarging, elevating). 

For nodular melanomas EFG signs are applied: E ~ elevated (elevating); 
F — firm density (in touch); G — growing. 

‘The Glasgow 7-point checklist include 3 major (change in size, irregular 
shape and irregular color) and 4 minor features (diameter >7 mm, inflamma- 
tion, oozing and change in sensation). 

Depending on the site of distant metastasis, patients may also have char- 
acteristic symptoms and signs of the involved organ(s). 
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DIAGNOSTICS 

Despite great advances in the treatment of melanoma, early diagnosis is 
the best tool for cure of the patients. Clinical examination (history taking, 
inspection and palpation) can provide with valuable information for early 
diagnosis of cutaneous melanoma, as the lesion can be readily seen by na- 
ked eyes and palpated. 

Most melanoma cases are initially detected by patients themselves, Clas- 
sic waming signs of melanoma include any cutaneous lesion undergone 
change in size, shape and color. Persistent pruritus is also one of the most 
common early symptoms. More advanced lesions are often tender. painful, 
friable, crusted, or ulcerated, Therefore, skin melanoma can be suspected on 
the basis of lesion’s clinical (visual) features and history of the changes. His- 
tory taking should also include: family history of melanoma or skin cancer: 
family history of prominent moles: family history of pancreatic carcinoma 
or astrocytoma; family history of multiple naevi; history of melanoma; his- 
tory of sunburn. 

Nevertheless, some cases of cutaneous melanoma are very difficult to 
diagnose clinically. Dermatoscopy can be helpful for detection of early- 
stage lesions that are visually unsuspicious of melanoma. Inspection should 
include total-body skin examination. Palpation can detect enlarged regional 
lymph nodes suspicious of metastasis. 

Accurate and definite diagnosis of cutaneous melanoma is made by his- 
topathological examinations of tissue samples from the lesion, The tissue 
samples can be obtained by punch biopsy. incisional (partial) biopsy or ex- 
cisional biopsy. Tissue samples are needed not only for detecting malignant 
melanocytes for diagnosis, but also for assessing the thickness of the mela- 
noma focus because the treatment strategy of cutaneous melanoma depends 
greatly on the thickness of the lesion. Punch biopsy can be carried out for 
large lesions and for lesions with a low suspicion for melanoma in sites that 
are unfavorable for cosmetic reasons. This form of biopsy should be per- 
formed at the thickest point of the lesion, An in 
ommended, but can be emp! 
based on a full thickness excisional biopsy with a minimal side margin, In 
other words, diagnostic excision of suspicious lesion can be executed (with 
4 margin of 2 to 3 mm) for more precise pathological examination, Exci- 
sional biopsy should extend down to the subcutaneous fat tissue. It should 
be noted that pathological diagnosis of melanoma can sometimes be very 
challenging. Presence of buckshot (pagetoid) scatter of atypical melanocytes 
is a usefull histological feature of superficial spreading melanoma in situ 
For confirmation or exclusion of melanoma, immunohistochemical stains 
are needed in challenging cases. 
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Classic cases of melanoma demonstrate immunoreactivity for S-100 pro- 


tein, HMB4S, MARTI (Melan-A), tyrosinase, MITF. Although S-100 pro- 
tein is a highly sensitive (97-10%) marker for melanomas, it demonstrates 
a low specificity (75-87%). Despite the facts that HMB45, MARTI (Melan- 
A), tyrosinase, MITF demonstrate relatively high specificity, their sensitivi- 


ties are not as high as that of the S-100 protein. HMB45 is usual! 


negative, 


and MARTI (Melan-A) is less sensitive in desmoplastic melanoma. 


purpo radiograph 


should be applied only for very high 


tients with signs and/or symptoms of neurological disorder, brain C’ 


After confirmation of diagnosis, the stage 
bdomiinal CT scan can be perf 
seans as well as brain MRI represent options for tumor extension ass 
before surgical treatment and SLN biopsy. Brain MRI and PE’ 


of melanoma 


scan 
k patients (pT3b and higher). In pa- 


or MRI should be done. MRI is the best diagnostic technique for detecting 
CNS metastases (Figure 7.19). In patients with the signs and/or symptoms 
of bone involvement, bone scintigraphy is performed. 

Once melanoma is diagnosed, pretreatment (preanesthesia) evaluation 


may include complete blood count, 
comprehensive metabolic panel, and 
ECG. 

Histopathologic examination of 
surgical specimen (resectate) deter- 
mines the histological type of mela- 
noma, T-stage (as well as Breslow 
depth and Clark level) and assess 
the removed lymph nodes, which 
are important for final pathologic 
staging and planning further treat- 
ment, The histology report should 
also include information about pres- 
ence of ulceration and clearance of 
the surgical margins. 


TREATMENT 
‘Treatment options chosen for 

melanoma depend on the location, 

thickness and stage of the lesion, 


Surgical management 


ision with wide margin is the 
main treatment modality for early- 


Figure 7.19. Axial Tleweighted MRI afer 
injection of gadolinium, demonstrating an 
intraparietal lesion with heterogeneous ap- 
Pearance, presenting hypersignal interca- 
lated with necrotic areas. Note that CNS 
melanoma metastasis most commonly ap- 
pears as hyperintense on Tl-weighted MRI 
images and hypointense on T2.weighted 
images. Goulart CR, Mattei TA, Ramina R. 
Cerebral melanoma metastases: a critical 
review on diagnostic methods and therupeu- 
tic options, ESN Surgery, 2011; Article ID 
276908. Available under the CC BY 40 
Incense 


208 


Bayramov RB ‘Textbook of Oncology 


stage cutaneous melanoma, The margin’s width depends greatly on the 
thickness of the lesion; on the whole, the margin of excision should be 5-10 
times as wide as the depth of invasion of melanoma, In other words, a 1.0- 
em margin is needed for tumors with a thickness of up to 2 mm and 2.0-em 
margin for a lesion with 2-4 mm thickness (0.5 em for in sitw melanomas). 
Despite its usefuulness for cutaneous SCC, Mohs micrographic surgery is not 
considered the standard technique for cutaneous melanoma of the head and 
neck. 

Like carcinomas, melanoma is prone to develop lymphogenic metastases 
at certain stage of the tumor. Therefore, removing of regional lymph nodes 
With clinical evidence of metastasis is essential for providing radical-intent 
effect. The extent of elective Iymph node dissection (LND) is dependent on 
the location of the primary lesion; for primary lesion involving the parietal 
or frontal scalp, temple, lateral forehead, lateral cheek or ear, superficial pa- 
rotidectomy in conjunction with neck LND is more adequate because first 
echelon lymph nodes of those regions are located in the parotid gland. For 
melanoma of the posterior scalp, posterior-lateral LND is appropriate. 

It should be noted that the significance of LND greatly depends on the 
thickness of the primary tumor, particularly in cases with clinically negative 
lymph nodes. For melanoma with I-mm thickness, the risk of occult lym- 
phatic metastases is very low not justifying prophylactic LND. Cutaneous 
melanoma with >4-mm thickness has a poor prognosis, and prophylacti 
neck LND cannot alter the long-term outcome due to the great likelihood of 
existence of occult hematogenic metastasis. Therefore, prophylactic neck 
LND can be warranted in melanomas of intermediate thickness. 

Sentinel lymph node (SLN) biopsy is considered a potential solution to 
the debate over prophylactic LND. In other words, by sampling the SLN 
(using radioactive substance and/or blue dye), one can detect earliest evi- 
dence of regional lymph nodes involvement in cases with clinically negative 
regional lymph nodes. SLN biopsy has potential advantages over elective 
ND: first, Iymphoscintigraphy performed for SLN biopsy has the ability to 
y all nodal basins involved in the drainage of the primary tumor: sec- 
ond, SLN biopsy is associated with less morbidity when compared with 
elective LND. It should be noted that regional LND is performed in all mel- 
anoma cases regardless of the site of the primary tumor. 

SLN biopsy is recommended for precise staging in melanoma of AICC 
eighth edition stage pTIb or higher, ie., with a tumor thickness of >0.8mm, 
or with a tumor thickness of <0.8 mm with ulceration. SLN is not recom- 
mended for pT1a melanomas. SLN biopsy should be carried out in experi- 
enced centers. 

Complete LND for SLN-positive patients was the standard of care until 
very recently. Complete LND provides additional staging information, as 
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about 15%-20% of SLN-positive patients have additional non-SLN in- 
volvement. However, upstaging occurs even less frequently at approximate- 
ly 6% of cases, Therefore, considering the morbidity of routine complete 
END, this practice can no longer be recommended. But in case of isolated 
locoregional clinically detectable lymph node(s) (macroscopic, non-SLN) 
metastases, therapeutic LND is indicated; removal of the tumor-bearing 
lymph nodes alone is insufficient, 


Chemotheray 


immunotherapy and targeted therapy 


In cases of high risk of recurrence afler radical-intent surgery 
therapy is 1 include ulcerated or thick tumor (>4 mm), 
and nodal metastasis. Melanoma is known to be a relatively chemoresistant, 
malignancy. ‘Therefore, chemotherapy demonstrates poor results in adjuvant 
setting and no regimens have been developed to be sufficiently effective re- 
garding the survival. Interferons (IFN alpha-2b, peginterferon alpha-2b) 
have been considered to yield significant effect on survival of patients with 
melanoma as an adjuvant treatment modality. 

Considering the most recent developments in adjuvant therapy, treatment 
with IFN-a can no longer be routinely proposed in the adjuvant setting. Its 
use might be confined to particular settings like patients with an ulcerated 
stage IC primary tumor and where the approved new drugs are not accessi- 
ble. Due to the toxicity profile, ipilimumab, an anti-CTLA-4 monoclonal 
antibody, has not been approved in the adjuvant setting in the EU by the Eu- 
ropean Medicines Agency (EMA). Adjuvant anti-PD-1 monoclonal antibod- 
ies, nivolumab and pemprolizimab, have very recently shown a significant 
recurrence-free survival benefit for stage III melanoma. Based on the sur- 
vival benefit, the EMA approved nivolumab and pembrolizumab in the ad- 
juvant setting of melanoma treatment. 

As mentioned earlier, approximately half of melanoma cases harbor 
BRAF-activating mutations, and more than 90% of them are at codon 600 
(BRAF V600E, BRAF V600K). Therefore, BRAF inhibitors, MEK inhibi- 
\RAS inhibitors have the potential for targeting melanomas with 

i inhibitors (vemurafenib, dabrafe- 


tastatic melanoma, MEK inhibitors (trametinib, cobimetinib, binimetinib) 
also have been shown to improve survival in those patients and are usually 
used in conjunction with BRAF inhibitors in the treatment of metastatic me- 
lanoma. It should be noted that combination therapy with a BRAF inhibitor 
and a MEK inhibitor is more affective compared to BRAF inhibitor alone. 
Some immunotherapy modalities, including immune checkpoint inhibi: 
tors of cytotoxic T-lymphocyte-associated antigen, CTLA-4 inhibitors 
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(ipilimumab); PD-I-inhibitors (nivolumab, pembrolizumab, cemiplimab, 
ete.) also have been shown to improve survival in eases of unresectable and 
metastatic melanoma. PD-1 inhibitors have been shown to be more effective 
and more tolerable compared with CTLA-4 inhibitors. Nevertheless, opti- 
mal immunotherapy schedules and sequencing are not well established, de- 
spite the improvement in the treatment of metastatic melanoma, 

Use of vaccines (polyvalent tumor-cell vaccines, gangliosides, ete.) are 
the alternative treatment modality, which stimulates antibody and T-cell re- 
sponses. Preliminary data show effectiveness of vaccines in advanced-stage 
melanoma. 

Chemotherapy used for unresectable, metastatic or recurrent melanoma 
includes the following regimens: cisplatin/vinblastine/dacarbazine; cispla- 
tin/dacarbazine/ carmustine tamoxifen; carboplatin paclitaxel. 

In melanoma in situ and lentigo maligna melanoma, topical imiquimod 
5% cream is recommended as a primary setting (when surgery is not possi- 
ble), as a second-line therapy or as an adjuvant setting following surgery. 


Radiation therapy 


Although melanoma has traditionally been known as a radioresistant tu- 
‘mor, recent data demonstrate that EBRT may be effective in the treatment of 
melanoma. For lentigo maligna, radiotherapy can be curative and represents 
an option to avoid unacceptable surgery. Definitive radiotherapy to the pri- 
mary tumor is only considered in (rare) palliative cases, when excision is 
not possible either due to severe comorbidities of the patient (e.g., very old 
age, end-stage cardiovascular disease, ete.) or when the morbidity of the ex- 
cision is considered too great (¢.g., in case of a huge nonresectable local dis- 
case). Radiation therapy is not curative in such cases. 

Since local control is rarely the therapeutic objective in melanoma, adju- 
vant radiotherapy can no longer routinely be recommended. It could still be 
discussed in specific cases where local control is critical, such as in head 
and neck melanoma. Adjuvant radiotherapy for local tumor control can be 
considered in cases of inadequate resection margins of lentigo maligna mel- 
anoma, in RI resections (microscopic positive resection margin) of mela- 
noma metastases (only when second surgery is not adequate) or after resee- 
tion of bulky disease, According to data from studies, adjuvant radiation 
therapy after LND reduces the risk for relapse in the irradiation field by 
about 50%, but has no impact on survival. 

EBRT may also be used for brain metastases. For patients with limited 
number of metastases, stereotactic radiosurgery can also be performed. It 
should be noted that radiotherapy and chemotherapy are usually reserved for 
palliative management tools in far-advanced cases of melanoma. 
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PROGNOSIS 


‘The prognosis for cutaneous melanoma depends on several factors: clini- 
co-morphological type of melanoma (nodular melanoma is characterized by 
poor prognosis); thickness of the lesion; absence or presence of histological 
ulceration; lymph node involvement; and absence or presence of hemato- 
genous (distant) metastasis. ‘Therefore, detection of cutaneous melanoma at 
earlier stages remains the main determinant of treatment outcome despite 
the recent remarkable advances in the treatment of advanced cases. 

sar survival rate reaches 94-97% for thin (<1 mm) melanoma, 70-90% 
for intermediate-thickness (1,01-4 mm) melanoma (depending on presence 
of ulceration and lymph node involvement) and 55-70% for thick (>4 mm) 
lesions (depending on presence of ulceration and lymph node involvement). 

Regional lymph node metastasis is associated with 5-year survival rate of 
about 40-80% (depending on the number of lymph nodes involved, micro 
scopic or macroscopic extracapsular extension, and ulceration of primary 
tumor). The presence of distant organ metastasis is a major negative deter- 
minant of prognosis for cutaneous melanoma. 

Prognosis of cutaneous melanoma is also dependent on primary site of 
the lesion (despite this is not included in formal staging system). According 
to data from studies, 10-year survival rate is $5% for melanoma on the head 
and neck (more favorable on the face compared with scalp and neck), 60% 
for lesions on the trunk, 70% for melanoma of the lower and 75% of the up- 
per extremities, 

Prior to the advent and use of targeted therapy and checkpoint inhibitors, 
prognosis for locally advanced and metastatic melanoma was extremely un- 
favorable, but with use of the aforementioned therapeutic modalities the 
treatment outcome become more favorable in cases of unresectable and 
metastatic melanoma. 

Prognosis for melanoma depends on also on countries: the highest sur- 
vival rate (92%) is observed in the United States, following by 81% in Eu- 
rope. ‘The lowest survival rate (40%) is registered in less developed coun- 


tries. Very high mortality rate is also reported in Australia and New Zea- 
land. 
PREVENTION 


Given the fact that exposure to UV radiation is the major factor for de- 
velopment of cutaneous melanoma avoiding sun exposure and tanning pro 
cedures are essential for primary prevention (see page 185). 

Regular skin self-exam is very important in order to detect new moles 
and alterations in existing moles. 
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‘The harmless moles (Meyerson naevus, Reed naevus, Miescher naevus, 
Unna naevus, blue naevus) can be removed only if there is a concer that 
the lesion might be melanoma or the appearance is a nuisance. Eclipse naevi 
only need observation. Any presumed Spitz naevus with atypical clinical 
(asymmetry, ulceration, >1,0 cm) and histopathological features should be 
widely excised, 


Screening for cutancous melanoma 


‘The recommendations of international organizations are not in favor of 
routine primary care screening for melanoma in the general population, de- 
spite the results of some studies support the potential benefit of screening 
for melanoma. However, there is not absolute proof of mortality reduction 
by routine screening programs. Targeted screening programs in people with 
family history of melanoma and/or associated hereditary disorders may re- 
duce the mortality by detecting thinner melanomas. 


Follow-up for cutaneous melanoma survivors 


Follow-up care of patients with melanoma is mainly dependent on the 
stage of the primary tumor. The follow-up examinations should be based on 
the knowledge that the patient is at increased risk of developing second pri- 
mary and developing visceral recurrences. 

Follow-up examinations for patients with stage 0 include the followings: 
educating patient in monthly self-examination of the skin; at least annual 
skin examination during lifetime. Follow-up examinations for stage 1A mel- 
anoma include also physical examination with emphasis on nodes (every 3- 
12 months for 5 years, thereafter annually if clinically indicated) in addition, 

Follow-up examinations for IB-IV stages include the followings: ph: 
eal examination with emphasis on nodes (every 3-6 months for first 
every 3-12 months for next 2 years, thereafter annually i 
ed); 
complete blood count eve 
and in patients with specif 
diseases, 


ars, 
clinically indicat- 
chest radiography (excluding stages IB-IIA), serum LDH level, and 


y 6-12 months; CT scan for stage IIB and higher 
igns and symptoms suspicious of metastatic 
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EPIDEMIOLOGY AND STATISTICS 


Lip carcinoma is the second most common malignancy (after cutaneous 
carcinoma) of the head and neck overall, This cancer is a type of skin carci- 
noma that arises from the epithelium of the vermillion border of the lips. Lip 
carcinoma is usually described in the context of carcinoma of oral mucosa 
(COM) and constitutes 20-30% of oral cancer cases (see page 232). Carci- 
noma of the upper lip is 12-20 times less common compared to carcinoma 
of the lower lip, and occurs more frequently in women. Although the inci- 
dence of lip carcinoma has declined abruptly in the past three decades, this 
tumor accounts for 0.6% of all malignant neoplasms in the United States. 


‘The difference between the incidence of carcinoma of the lower and upper lips indicates 
that carcinogenesis for these two types of cancer is different. 

Lip carcinoma mainly occurs in fair-skinned males who are between 50 
and 70 years of age (mean age about 66 years). Approximately 85% of lip 
carcinoma cases occur in this age group, However, all skin types are at risk 
of developing lip carcinoma. This cancer is 3-13 times more common in 
‘men than in women. In the United States, 95% of lip carcinoma cases are 
diagnosed in men. This is probably related to the fact that occupational ex- 
posure to solar radiation is combined with smoking and alcohol more often 
in men than in women. 

Lip carcinoma is more common in rural residents, as well as watchmen, 
fishermen and representatives of other professions who spend a lot of time 
outdoors as part of their jobs. Most likely, this is due to a more intense and 
prolonged exposure to aggressive environmental factors during agricultural 
or similar activities associated with frequent sun exposure in conjunction 
with the influence of wind and other meteorological factors. 

‘The incidence of carcinoma of the lower lip has been declining in the re- 
cent years, as people become more aware of the causes of this cancer and 
the benefits of protective agents (lip balms and sunscreens) in reducing the 
risk. 
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ETIOLOGIC FACTORS 
Environmental factors 


Cumulative exposure to solar radiation (actinic radiation) plays a major 
role in the development of lip carcinoma. This factor precedes the develop- 
ment of lip carcinoma in 90% of the cases. The predisposition of the vermil- 
lion border of the lips to the development of carcinoma i to the fact that 
it lacks a melanin pigmentation that protects against actinic radiation, For 
this reason, the risk of developing lip carcinoma is higher in the population 
that lives close to the equator, and itis more frequently seen among the pro- 
fession groups who are more exposed to sun lights. The reason that carci- 
‘noma is incomparably more often observed on the lower lip than on the up- 
per one is also explained by the effect of this factor, since the first one has a 
higher level of sun exposure compared to the second one, which is slightly 
angled downwards and shielded to some extent by the nose. 

‘The role of smoking in the development of various cancers in different 
location has been confirmed by numerous studies. When cigarette smoke is 
inhaled, not only the oral mucosa and the vermillion border of the lips come 
into contact with carcinogens within the smoke (see page 276), but also they 
are exposed to high temperature of the smoke, which has a damaging effect 
‘on the epithelium of the lips. This synergistic effect further increases the 
risk of developing lip carcinoma. In other words, when smoking tobacco, 
the vermillion border of the lips is subjected to a double “attack”, to the ef- 
fect of hot cigarette smoke and its constituent carcinogens. When smoking, 
‘the vermillion border of the lips quickly loses moisture and dries out, which 
provokes the appearance of microcracks, consequently the development of 
chronic cheilitis. In this regard, the pipe and mouthpiece, by exposing the 
lips to thermal and mechanical stress, pose a greater risk than cigarettes. 

Tt should be noted that, incomparable higher incidence of lip carcinoma arising from ex- 
femal contour (see below) of the vermilion border compared with intemal contour may 
indicate the major role of sun exposure rather than smoking in the development of this 
cancer. 

Use of naswar (nds, nasvay), a smokeless tobacco product is also associ- 
ated with an increased risk of developing carcinoma not only for the oral 
mucosa, but also for the lips. In some countries (in the countries of South- 
east Asia), betel is widely used for this purpose (made from the leaves of an 
evergreen vine Piper betel of the family Piperaceae), which also has a car- 
cinogenic effect (see page 233). 
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Chronic irritation by various factors plays a significant role in the devel- 
opment of lip carcinoma. These factors include prolonged exposure to unfa- 
vorable meteorological (wind, abrupt fluctuations in air temperature), me- 
chanical (carious teeth, sharp edges of teeth, ill-fitting dentures, tartar, biting 
lips, malocclusion, pressure of a smoking pipe, mouthpiece, cigars and ciga- 

ing), thermal (hot food, smoking pipe, mouthpie. 


Data about the role of alcohol abuse in the development of carcinoma of 
the lower lip in contrast to carcinoma of the oral mucosa are contradictory. 
But results of most studies confirm the role of regular alcohol drinking in 
increasing the risk for developing lip carcinoma, 

Radiotherapy used for head and neck cancers has been shown to increase 
the risk of developing lip carcinoma. 

‘The role of HPV’ infection in the development of lip carcinoma is associ- 
ated with the occurrence of keratoacanthoma and lip papilloma (see below), 
It should be noted that the role of HPV infection in the pathogenesis of lip 
carcinoma is not as well-known as at other sites of oral mucosa and oro- 
pharynx. 


Precancerous lesions and diseases 


In almost all patients, the occurrence of lip carcinoma is preceded by pre- 
cancerous conditions and various background processes of the vermillion 
border of the lips. Sometimes, lip carcinoma develops against the back- 
ground of a normal, healthy vermillion border. 

Bowen's disease is an intraepithelial SCC that can progress to invasive 
SCC in untreated patients (see page 157). The main cause of Bowen's dis- 
ease on the lip is chronic exposure to solar radiation 

Actinic cheilitis is a type of chronic cheilitis caused by chronic sun expo- 
sure. The epithelium on the vermillion border of the lip is thinner and less 
pigmented compared to the surrounding skin, which makes the epithelial 
cover of the vermillion border more vulnerable to solar radiation, Actinic 
cheilitis is analogous to actinic keratosis (see page 156), The only difference 
is that the first one develops on the vermillion border of the lip, the second 
ne on the exposed areas of the skin. Actinic cheilitis is also known as 
farmer's lip” or "sailor's lip” (Figure 8.1). 

Actinic cheilitis is mainly observed in people aged over SO years (m:f is 
3:1), who spend a lot of time outdoors due to the occupational peculiarities. 
Typically. such people remember sunbumed lip from childhood: moreover, 
they often also have actinic keratosis on the exposed skin. 
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Figure 8.1. Actinic cheilitis with different clinical manifestations: A — dryness. flaking 
and diffuse blurring between the boundary of the vermillion border and the skin; B ~ Ul- 
cer and white lesion. Oliveira Miranda AM, Miranda Ferrari T, Leite TC et al, Actinic 
cheilits: clinical characteristics observed in 75 patients and a summary of the literature of 
this often-neglected premalignant disorder. Int J Clin Med, 2014; 5: 1337-1344, Available 
under the CC BY 4.0 license, 


In 90% of cases, the lower lip is affected. Most ofien, actinic cheilitis oc- 
curs in fair-skinned people and smokers. Actinic cheilitis is characterized by 
diffuse or patchy dryness, vulnerability and loss of elasticity of the vermil- 
lion border of the lip. scaly papules and plaques on it. As the process pro- 
gresses, the epithelial cover of the vermillion border of the lip becomes at- 
rophied and smooth. Against the background of these changes, cracks and 
erosions of the vermillion border, loss of the demarcation line between the 
vermillion border and the surrounding skin are sometimes observed. 

Actinic cheilitis is a precancerous condition. In case of ineffective treat- 
ment, the process can progress to Bowen's disease or lip carcinoma (in 6- 
10% of the cases). Signs of malignant transformation is the presence of a 
persistent ulcer and/or focal tenderness. 

‘Compared to the skin, which reflects 5-10% of UV light and absorbs about 70% of ul- 
traviolet radiation due to melanin, the vermillion border of the lips is less protected from 
UV radiation due to the thinner epithelium and stratum corneum, less melanin, loss secre- 
tion of sebaceous and sweat glands, making it more vulnerable to the damaging effects of 
solar radiation. Due to @ larger surface of the lower lip is exposed to solar radiation, actin- 
ic cheilitis, and consequently, lip carcinoma is incomparably more often found on the 
lower lip. People with actinic chelitis are 2.5 tines more likely to develop SCC of the lip. 
It takes 20-30 years from the beginning of intense exposure to solar radiation to the de- 
velopment of SCC of the lip 

Verrucous precancer (praecancer verrucosus) of the vermillion border of 
the lip is a benign lesion with a high potential for malignancy (obligate 
premalignant), which usually appears on the vermillion border of the lip. 
‘The disease is more common in men aged 40 years and older. It looks like a 
painless hemispherical nodule with a warty surface, up to 15 mm in diame- 
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ter, The color of the lesion varies 
from pale pink to stagnant red. One 
of the characteristic features of ver- 
rucous precancer is that the nodule 
is covered on top with hard-to- 
remove gray scales that are not re- 
moved when scraped. Warty pre- 
cancer is localized only on the ver- Figure 8.2. Verrucous precancer of the low- 
million border (mainly on the lower & lip against the background of ‘solar 
lip), not spreading to the surround- *éllitis ma S7-year-old man, 

ing skin or the mucous membrane of the oral cavity (Figure 8.2). It should 
be noted that the nodule is located on the unchanged vermillion border. Pal- 
pation of the nodule is painless and the base is not hard. 

‘This precancerous lesion very often and very quickly progresses to carci- 
noma. It takes only 1-2 months for malignant transformation. The main 
signs of malignant transformation of verrucous precancer are: rapid growth 
of the lesion; infiltration into neighboring tissues; the appearance of ero- 
sions and ulcers on the surface of the lesion; bleeding on palpation or spon- 
taneous bleeding: induration at the base of the lesion: intensified keratiniza- 
tion. 

Circumscribed precancerous hyperkeratosis (hyperkeratosis circum- 
seripta praecancrosa) of the vermillion border of the lip is a pathological 
condition, which is a limited area of keratinization of a polygonal shape 
with a flat surface and is observed only on the vermillion border of the lip. 
Circumscribed precancerous hyperkeratosis of the vermilion border of the 
lip is an obligate premalignant condition. It occurs most often in males aged 
over 40 years, 

‘The affected area usually has a grayish-white color, often immersed in 
the vermillion border, but may also rise. Its shape is an irregular polygon, 
dimensions are about 1.0-1.5 em. The adjacent tissues of the vermillion bor- 
der are usually not inflamed. Small scales gradually occur at the site of the 
lesion, and later its surface is covered with thin, hard-to-remove (tightly sit- 
ting) scales. Seraping cannot remove them. There are no background chang- 
es. On palpation, no induration is determined. The course of circumscribed 
precancerous hyperkeratosis is rather slow, often several years. Intensified 
keratinization, the appearance of erosion and hardening at the base of the 
lesion are characteristic of malignant transformation. It should be noted that 
this precancerous lesion may not transform into lip carcinoma for a long 
time, Malignancy can also occur 5-6 months after the appearance of the le- 
sion, A characteristic feature of precancerous hyperkeratosis is that the clin- 
ical manifestation of transformation into carcinoma lag behind the histologi- 
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cal signs. In other words, external changes appear a while later after malig- 
‘nant transformation of the lesion. 

Manganotti's cheilitis (Manganotti's abrasive precancerous cheilitis or 
cheilitis abrasiva praecancerosa Manganotti) is an obligate premalignant 
condition of the lower lip. It usually occurs in older (>S0 years) men. In the 
development of Manganotti's cheilitis, trophic changes associated with age 
and a decrease in the regenerative abilities of the epithelium of the vermil- 
lion border are necessary, As a result, in response to the impact of various 
stimuli (mechanical, chemical, physical), a sluggish destructive, abrasive 
process begins, which leads to the development of Manganotti's cheilitis. 
Vitamin A deficiency plays a special role in the development of Man- 
ganotti’s cheilitis, Metabolic disorders and various gastrointestinal dysfunc- 
tions are also considered to be predisposing factors. 

Manganotti's cheilitis is manifested by one or more erosions of a bright 
clear color. Usually, erosions are located on the lateral parts of the lip, less 
often in the center or at the corer of the mouth. Erosion has an oval or ir- 
regular shape with a smooth, as if polished surface of a rich red color. Ero- 
sion contours are irregular and do not have distinct boundaries (Figure 8.3). 
Itis located superficially. sometimes covered with a tightly seated bloody or 
‘serous crust, which is difficult to remove, and there may be a slight bleed- 
ing, Erosions that are not covered with crusts are not prone to bleeding, Ero- 
sions in Manganotti's cheilitis are usually painless or mildly painful. Some- 
times, they occur against the background of a small inflammation, character- 
ized by instability. Tissue induration at the base and around the erosion is 
usually not observed. Manganotti’s cheilitis is characterized by a sluggish 
and persistent course (sometimes erosions persist for many months), and is 
difficult to medication therapy. Sometimes, 1 spontaneously become 
epithelialized, but after some time they reappear in the same or other sites, 
‘The period for epithelialization of erosions in Manganotti's cheilitis can vary 
from 3 months to 2 years. 

As mentioned above, Man- 
ganotti's cheilitis is an obligate pre- 
cancerous condition. Among all ob- 
ligate premalignant lesions of the 
lip, the proportion of Manganotti's 
cheilitis is about 13%, 

The duration of the course of 
Manganotti's cheilitis before  pro- 
gression to carcinoma is individual. Figure $3. Manganott’s cheilitis against the 
A rapid malignant transformation of background of actinic cheilitis in a 68-year- 
the process may occur (after 4-6 ba 
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months), in other patients it takes 5-7 years after the onset of the disease. 
Clinical signs indicating a possible onset of transformation into cancer in 
Manganotti’s cheilitis are the followings: the appearance of an induration at 
the base and around the erosion; papillary growths on its surface; bleeding 
after mild trauma; the appearance of keratinization (hyperkeratosis) along 
the periphery of erosion. 


Leukoplakia is a lesion of the oral mucosa or vermillion border of the lips 
with focal keratinization of the stratified squamous epithelium (see page 
237). Smooth (flat) leukoplakia and verrucous leukoplakia can be distin- 
guished (Figures 8.4 and 8.5). Unlike flat leukoplakia, verrucous leu- 
Koplakia is a premalignant condition with a high risk for development of 
SCC. Leukoplakia of the vermillion border of the lip is observed mainly in 
men (mf is 4:1) in the age group from 40 to 70 years. who abuse alcohol, 
smoke and wear dentures. Leukoplakia of the lip in smokers is observed 6 
times more often than in non-smokers. 8% of men older than 70 years and 
2% of women of the same age have oral leukoplakia. The mentioned patho- 
logical condition occurs in only 1% of men before the age of 30 years. 
‘Verrucous leukoplakia is associated with smoking in 30% of cases, but 
the association with smoking is much stronger in cases of flat leukoplakia 
(leukoplakia of smokers). It is caused by exposure to chemicals in tobacco 
smoke and the thermal factor (espe- 
cially the regular cauterization of the 
lip that occurs when a cigarette is 
completely smoked), as well as 
chronic trauma to the lip from a cig- 
tle, pipe or mouthpiece. The use 
of smokeless tobacco products 
(naswar, betel) increases the risk of 
developing oral leukoplakia by 
about 25 times. The cause of leu- igure $4 Hat leukoplakia of the lower lip. 
koplakia may be also chronic eacnepeise 
cheilitis. Lichen planus, which dam- ral Thin K. Toniasen (ed): Care 
ages the lips, can lead to the devel- cinogenesis IntechOpen, 2013 25-42 
‘opment of leukoplakia on the ver- Available tne the CC BY 3.0 license, 
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million border of the lip. Persistent 
‘oral candidiasis can also be accom- 
panied by leukoplakia, candidal leu- 
Koplakia. Probably, hereditary fac- 
tors have a certain role in the devel- 
opment of leukoplakia, since it is 
most often observed in patients with 
dyskeratosis congenita (see page 
173), Deficiency of vitamin A and 
group B can lead to a decrease in the 
resistance of the mucous membranes 
to external irritating factors, thereby, Figure 8.5. Verrucous 
consti to the development of Pest feed i isomer as 
leukoplakia. be 

According to data from various 
studies, the transformation of verru- 
cous leukoplakia into cancer (SCC 2 
or verrucous carcinoma) oceurs in 3- 
20% of the cases. 5% of cases of verrucous leukoplakia of the lip progress 
to carcinoma within 5 years. Multiple proliferative verrucous leukoplakia 
has a very high risk (70%) of transformation into cancer. The classic signs 
of progression to carcinoma are ulceration, induration, bleeding, and tumor 
growth 

Flat leukoplakia is characterized by distinctly defined grayish-white areas 
of Keratinization of the epithelium with jagged edges without induration at 
the base, not rising above the surrounding epithelium and resembling a film 
that is not easily removed. The white or grayish color of leukoplakia is due 
to the color of the keratin. Unlike verrucous leukoplakia, smooth leu- 
koplakia is not accompanied by cellular atypia and is not a precancerous 
condition, but belongs to the background processes for the development of 
lip carcinoma, 


Keratoacanthoma of the lip is a benign hemispherical, rounded lesion 
protruding above the surface of the lip (Figure 8.6). In the development of 
keratoacanthoma, various kinds of stimuli play: chemical, mechanical, 
thermal, radiation (UV radiation) and viruses (HPV). Familial cases of mul- 
tiple keratoacanthoma have been observed, which do not exclude the role of 
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a genetic predisposition in the de- 
velopment of the mentioned lesions 
in some cases (see page 159). It is 
usually observed in people aged 
over 50 years, as a rule, on areas of 
the skin that are not protected from 
the influence of the extemal envi- 
ronment (in 80-85% on the scalp 
and face). The development of kera- 
toacanthoma in young people under a 

20 years of age, is observed rare. Figure 86. Keratoacanthoma of the upper 
‘The male population is 4 times more lip. With permission of Dharam Ramnani, 
likely to suffer from keratoacantho- _ Webpathology (www. webpathology.com). 
‘ma compared to women. Keratoacanthoma have a depression in the center, 
which is filled with homy masses. Under the horny mass there is an ulcer 
that never bleeds and has no discharge. The lesion is yellow-brown or pink, 
dense, grows very quickly. Often spontaneously resolves after 3-6 months. 
In 5-6 of cases, the process can transform into SCC. but such cases occur 
only in cases of complete absence of treatment. 

Papilioma of the lip is « papillary growth with a rough and villous sur- 
face, from 1 mm to 2.0 em in diameter, which protrudes above the surround- 
ing tissue and looks like a cauliflower. Papillomas may not differ in color 
from the skin, but in most cases, they are white to brown in color. Papillo- 
mas can occur at any age, but are more common in older people (mean age 
35 years), both women and men. Papilloma acquires a whitish hue with in- 
creased keratinization, Often papillomas are observed multiple. called papil- 
lomatosis. In immunocompromised patients, papillomatosis may become 
widespread. The development of papillomatosis at an older age is often as- 
sociated with physiological xerosis, which significantly increases the vul- 
nerability of the skin and the risk of HPV infection. Due to the fact that the 
papilloma has a stroma, which contains blood vessels, bleeding is possible 
When it is traumatized. 

Papilloma is the most common benign lesion of the oral mucosa. Oral 
papillomas in 12% of the cases are observed on the lower lip. The cause of 
papillomas is mainly human papillomavirus, since in 50% of cases lip papil- 
Joma is associated with HPV (HPV6, HPV11, HPV32), It should be noted 
of HPV with lip carcinoma is 30-45%, As discussed in 
chapter 6, HPV is not persistent in the environment, so infection occurs only 
through direct contact. Promiscuous sex, casual kissing leads to infection, 
Smoking, avitaminosis, immunodeficiency, pregnancy are the predisposing 
factors that contribute to HPV infection in cases of direct contact with that 
virus (see page 155). 
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‘As mentioned in the text lip pepilloma is more often associated with HPV6 and 
‘HPV11, less often with HPV32. Unlike the first two types, whose reservoir is the genital 

tc HPVs a lie gel wat teen sa 
‘except HPV13 and HPV32), 

Lip papilloma is an irreversible neoplasm that tends to progress and can 
transform into lip carcinoma, Painfulness and hardening at its base are the 
signs of progression to carcinoma, 

Cutaneous horn is a limited area of hyperplasia of the cutaneous epitheli- 
um with severe hyperkeratosis, which looks like a hom, Factors that con- 
tribute to the development of lip carcinoma can also lead to the development 
of a cutaneous horn of the lip. 

Cutaneous horn often occurs on the vermillion border of the lip, usually 
in people aged 60-70 years. The lower lip is affected much more frequently. 
Often various pathological conditions (lupus erythematosus, leukoplakia, 
ete.) serve as a background. In most cases, there is one cutaneous hom, but 
two or more can occur. The lesion on the lip is well-defined, has a diameter 
of up to 10 mm. The base of the cutaneous horn may be flat, nodular, or 
crater-shaped; a cone-shaped or cylindrical projection departs from 
sembling a hor, the color of which ranges from light beige to brown-gray 
(or brown with a yellowish tinge), up to 1.0 em long (Figure 8.7), with a 
and is painless, The dermal hom is formed from compact 
keratin. Cutaneous hom is a pathol- 
ogy that lasts for years and often 
progress to carcinoma (in 20-40% of 
the cases). Clinically, it is not easy 
to distinguish a benign process from 
a lesion that progressed to cancer. 
The beginning of malignant trans- 
formation is manifested by inflam- 


mation, pain, thickening and bleed- 
ing around the base and increased 
keratinization (see page 160). 
Radiation-induced cheilitis is a 
type of chronic cheilitis that devel- 
ops afler exposure to radiation or 
afer radiation therapy to the head 
and neck. Radiation-induced cheili- 
tis can develop at any age and is us- 
ually associated with post-radiation 
stomatitis. In the development of 


2 


Figure 8.7, Cutaneous hom (3.0 = 1.0 cm) 
of the left Inbial commissure in a 45-year- 
‘old man. On the base of the removed cuta- 
neous hom, verrucous carcinoma Was histo- 
pathologically confirmed. Kumar S, Bijal- 
‘wan P, Saini SK. Carcinoma buccal mucosa 
underlying a giant cutaneous horn: a case 
report and review of the literature. Case Rep 
Oncol Med, 2014: Article 1D. 518372 
Available under the CC BY 4,0 license. 
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radiation-induced stomatitis and cheilitis, not only the direct effect of radio- 
active radiation plays a role, but also xerostomia, which is a consequence of 
a side effect of radioactive radiation. 

Chronic fissure of the lip is a common pathological condition, in which 
there is a disruption in the integrity of the surface of the vermillion border, 
as Well as at the comers of the mouth. Chronic fissure of the lip is 4-5 times, 
more common in men than in women and can occur in all age groups. 

Chronic lip fissure occurs due to the following reasons: anatomical fea- 
tures (the presence of a deep fold in the middle of the lip); chronic damage 
to the lips (pathological teeth, elements of orthopedic or orthodontic struc- 
tures, bad habits in the form of lip licking and biting); exposure to climatic 
factors (solar radiation, wind, low temperature), which lead to dry lips 
well as smoking, hypovitaminosis A and group B. 

Chronic lip fissure is often a clinical manifestation of chronic cheilitis 
and HSV (herpes simplex virus-1) infection. In many patients, chronic fis- 
sure heals quickly, in some it does not heal for a long time and often wors- 
ens, When an infection develops in the fissure, the healing process is de- 
layed. In the case of a long clinical course, leukoplakia may develop along 
the edges of the fissure. Chronic fissures that are difficult to treat can some- 
times progress to carcinoma. Signs of malignancy are induration of the edg- 
es of the fissure, growth at its bottom. 

Systemic lupus erythematosus is an autoimmune disease that in some 
cases also affects the lips. According to modem concepts, the disease devel- 
ops as a result of sensitization to various infectious factors (viruses that 
cause measles, influenza A and B, parainfluenza; cytomegalovirus, EPV, 
HPY, ete.) and non-infectious (smoking, solar radiation, cold, ete.), which 
leads to the production of circulating antibodies and immune complexes, 
which are the main pathogenetic link. There are irrefutable arguments about 
the genetic predisposition to systemic lupus erythematosus and the role of 
hormonal factors. Most often, the disease affects young women before the 
age of 30 years. Men suffer from systemic lupus erythematosus rarely. 
About 90% of patients with systemic lupus erythematosus are women aged 
20-40 years. Compared to people of the Caucasian race, the disease is sever- 
al times more common in the black population. 

‘There are three types of lupus erythematosus: acute, subacute and chronic 
(discoid). In all types, the vermillion border of the lips and oral mucosa can 
be affected. In chronic lupus erythematosus, the vermillion border of the lip 
is often affected (in approximately 10% of the cases). The erosive-ulcerative 
subtype of chronic lupus erythematosus on the vermillion border can pro- 
gress to lip carcinoma; therefore, this type is considered a premalignant 
condition (Figure 8.8). 
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Lichen planus is an autoimmune 
disease that develops as a result of T 
cell-attacking on unknown proteins 
that exist in the cutaneous and mu- 
cous Keratinocytes (see page 240), 
Predisposing factors are various irri- 
tants: stress (physical or emotional), 
infectious (at the site of a skin lesion 
afer Herpes zoster, as a result of an 
sumed antigenic modification on 
the surface of keratinocytes associ- 
ated with HCV), allergic (to various 
metal dentures, quinine, quinidine, 
ete.), mechanical (in the place of 
scratching) and genetic factors. 
Lichen planus is a widespread 
disease, with one out of hundred 
people suffering from this disease 
during his lifetime. In about 10% of 
cases of lichen planus , the lip is af- 
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Figure 88. SCC of the lower lip ina 40- 


year-old patient with discoid lupus erythe- 
‘matosus. The patient has been observed by a 
dermatologist for 6 years for lupus erythe- 
:matosus of the lower lip and lower extremi- 
ties. The patient is a non-smoker and does 
not take alcohol. Diatta BA, Diallo 5, 
Ndiaye M et al. A squamous cell carcinoma 
of the lower lip with a discoid lupus ery- 
thematosus. Our Dermatol Online, 2019; 
10: 376-378. Available under the CC BY 
4.0 license. 


fected. The disease mainly occurs in people over the age of 40 years. Lichen 
planus usually affects the lower lip, but it is not uncommon for both lips to 
be affected. The disease shows symptoms only in ulcerative and cicatricial 
(scarring) types. The erosive type is characterized by severe pain, the cica- 
tricial type is characterized by atrophy and scarring, which often leads to 
microstomy. Lichen planus affects only the vermillion border, the surround- 
ing skin is never involved in the 
process. A long-term erosive type of 
lichen planus can sometimes lead to 
the development of lip carcinoma 
(Figure 8.9), ‘The risk is even higher 
in smokers. 


Hereditary disorders 


Xeroderma pigmentosum is also 
associated with an increased risk of 


lip carcinoma (Figure 8.10), in addi- 
tion to cutaneous carcinoma and 
melanoma (see page 166). 

Kindler syndrome (see page 172) 
is also associated with an increased 


Figure 8.9. SCC that developed against the 
background of an atrophic area of the lower 
lip in a patient with lichen planus. With 
permission of Marcello Menta Nico (Nico 
MM, 2015). 
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risk of developing lip carcinoma, in 8 
addition to cutaneous SCC and car- 
cinoma of oral mucosa, 


Conditions associating with an 
increased risk of lip carcinoma 


Individuals with immunodeficien- 
ey, have an increased risk of devel- 
oping lip carcinoma, Recipients of 
kidney have a 30-fold higher risk for 
developing lip carcinoma. This risk 
is also high in HIV-infected people. 
Notably, the risk of oropharyngeal 
carcinoma is not high in individuals Fy ¢19. SCC of the wer Mein a 7- 
undergone solid organ transplanta- yearold African boy with xeroderma pia- 


tion. mentosum who has consanguineous parents 
Kaloga M, Dioussé P, Diatta BA et al. 
CARCINOGENESIS ‘Squamous cell carcinoma in African chil- 


dren with xeroderma pigmentosum: three 
‘case reports, Case Rep Dermatol, 2016, 8: 
311-318, With permission of S. Karger AG. 


Carcinogenesis of lip carcinoma 
isa molecular and histological mul- 
tistep, complex process induced mainly by UV radiation, in which different 
proto-oncogenes (EGFR, KRAS, C-myc) and tumor supressor genes (7P53, 
RB) are involved in different stage of the process. These genetic events re- 
sult in upregulation of growth factors and their cell surface receptors, which 
could enhance intracellular messenger signaling and/or lead to the increased 
production of transcription factors. In addition, these genetic alterations lead 
to increased cell proliferation and loss of cellular cohesion resulting in un- 
controlled and rapid growth, 


PATHOMORPHOLOGY 


About 90% of lip carcinoma cases arise from the lower lip, 7% from the 
upper lip and 3% at the labial commissure. Lip carcinoma in most cases de- 
velops on the outer contour of the vermillion border of the lip and is mainly 
localized in the middle of the distance from the midpoint of the lip to the 
labial commissure, Most cases of lip carcinoma are presented as ulcerative 
or erosive lesions, or exophytic mass affecting one side of the vermillion, 

Lip carcinoma almost always (in 95% of the cases) demonstrates SCC, 
which can be divided into well differentiated (most commonly), moderately 
differentiated ot poorly differentiated according to grade that depends on 
keratinization, nuclear pleomorphism, cellular atypia and mitotic activity. 
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BCC of the lip is extremely rare, and carcinoma of the upper lip is mostly 
seen in this type that mostly arises from the edge of the skin. 

Lip carcinoma has a low tendency to metastasize to regional lymph 
nodes, Submental and submandibular lymph nodes demonstrate the earliest 
involvement. Cervieal lymph node involvement ranges from 5% to 20%. 
The frequency of nodal involvement depends on the size of the tumor, depth 
of invasion, grade of the tumor, perivascular and perineural invasion, The 
risk of distant organ metastasis is very low, being about 2% at initial presen- 
tation. 


Staging of lip carcinoma 
‘TNM staging of lip carcinoma is detailed on page 668. 


CLINICAL PRESENTATION 

Given its high visibility, the majority of lip carcinoma cases are easily 
detectable at an early stage. The patients with lip carcinoma present with 
exophytie, crusted mass, rarely with ulcer which may demonstrate variable 
invasion into the underlying tissue that is dependent on the size of the pri- 
mary tumor. Sometimes, these lesions are associated with bleeding or pain. 
‘The adjacent surface of the affected lip shows features of solar damage, 
such as mucosal thinning, color change and sometimes leukoplakia. In some 
cases, chin numbness may be observed due to mental nerve invasion. 


DIAGNOSTICS 


Clinical examination (history taking, inspection, palpation) is very in- 
formative in diagnostic workup of the patients with lip carcinoma, as it is a 
visible and directly palpable tumor. Age and occupation of the patient, his- 
tory of the lesion, adjacent surface of the vermillion border should be paid a 
proper attention on clinical examination. These diagnostic tools are also 
valuable in clinical staging. Any single lesion on the vermillion border that 
persists more than 3 weeks, especially if ulcerated or exophytic mass with or 
Without induration should be suspected to be lip carcinoma and evaluated 
properly (Figures 8.8, 8.9, 8.10). 

In early-stage lip carcinoma, imaging studies are not indicated, If the tu- 
‘mor attached to the mandible, or metastatic neck lymph nodes are suspected 
clinically, Panorex X-ray examination, CT or MRI is indicated. 

Samples for pathologic examination can include smear (in ulcerated tu- 
mors) and preferably incisional biopsy specimens. 

Once lip carcinoma is diagnosed. pretreatment evaluation includes com- 
plete blood count, comprehensive metabolic panel, chest X-ray, and ECG 
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Histopathologic examination of surgical specimen (resectate) determines 
the histological type of carcinoma, its degree of differentiation, T-stage and 
assess the removed lymph nodes, which are important for final pathologic 
staging and planning further treatment. 


TREATMENT 


Like other carcinomas, treatment strategy for lip carcinoma depends on 
the stage of the diseas. carcinoma can be treated with sur- 
gery or radiation therapy. D is not routinely performed in the ab- 
sence of clinically suspicious cervical lymph nodes, as about 5% of the pa- 
tients likely develop recurrence in the neck lymph nodes following treat- 
ment of the primary tumor, 


Surgical management 


Small lip carcinomas are treated with surgical e 
sure. Surgery for lip carcinoma can range shave ¢: 
border to full-thickness excision of the lip (with skin and muscle). Mohs 
surgery is reserved for early-stage lesions that are thin (<2.5 mm in depth) 
without lip muscle involvement. 

Larger lesions require more considerations with respect to reconstruction 
techniques. The functional outcome of the reconstruction (sensitivity und 
muscle function) should be taken into consideration. Whenever possible, 
full-thickness skin flaps (mucosa, skin and muscle) should be used to pro- 
vide mucosa contiguous to the oral commissure to prevent contracture and 
to provide muscle function. The surgeon must be experienced and knowl- 
edgeable in all types of reconstructive options, as the defect size may be dif 
ferent than anticipated depending on intraoperative pathologic margins, 

Reconstructive options depend on the size of the defect in the lower lip: 
if defect size is <1/2 of the lip width, wedge resection ("W" plasty or half 
"WW" plasty) is applied; if the size of the defect is 1/2 to 2/3 of the lip, 
Karapandzic flap, Abbe or Abbe-Estlander flap can be used if defect size is 

2/3 of the lip, Bemnard-Burow flap, Gillies fan flap, Webster flap or free 
flap is used. 

In cases of carcinoma of the upper lip, wedge resection is used if lip de- 
fect involves <1/2 of the width of the lip. Defects involving >1/2 of the lip 
can be repaired with cross-lip flaps from the lower lip. For defects involving, 

°2/3 of the lip, a Burow-Diffenbach reconstruction can be performed. 

LND is recommended in T3-T4 tumors and in cases of clinicall 
cious (or proven) neck Iymph node metastasis. Depending on the cli 
stage, ipsilateral or bilateral LND can be fulfilled. 
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Surgical resection and reconstruction is also performed in recurrent tu- 
mors following radiation therapy. 


Radiation therapy 


In patients with small lesions, radiation therapy (EBRTT or brachytherapy) 
can provide a cure rate equivalent to that achieved by surgery. It should be 
noted that, in terms of cosmetic outcomes, EBRT to the lip is not as satisfac: 
tory as surgery because EBRT can be associated with whistle deformity of 
the lips and osteoradionecrosis. Brachytherapy can provide good aesthetic 
results, but is not widely available in many countries and '"Ir can be used 
for this purpose. Patients can be treated 4-5 days (twice a day) with a total 
radiation dose of 40-50 Gy in 8-10 fractions. 

EBRT using electrons or orthovoltage photons can minimize the dose to 
the oral mucosa and in those patients, only radiation-induced cheilitis oc- 
curs. It should be noted that the lower lip is one of few ideal sites for ortho- 
voltage therapy. 50 Gy total radiation dose in 15 fractions (3 weeks) is ad- 
ministered using a single anterior field. Nevertheless, treatment for lip car- 
cinoma is primarily surgical 

Adjuvant radiotherapy is recommended in patients with adverse features, 
such as positive margins. The preferred interval between resection and post- 
operative radiotherapy is <6 weeks. Depending on the risk level, 60-66 Gy 
(in high-risk patients) or 44-60 Gy (in intermediate and low-risk patients) 
total radiation dose is used. 


Photodynamic therapy 


Photodynamic therapy (PDT) has also been recommended as a selective 
tumor destruction modality via cell apoptosis. Preservation of uninvolved 
tissue and minimal scarring associated with this option of tumor ablation 
minimize functional deficits observed following surgery or BRT. Unfortu- 
nately, the photosensitizing agents currently available are insufficiently 
enough to prevent uninvolved tissue damage and patients must be protected 
from solar exposure for several days after this treatment. Temoporfin- 
mediated PDT is used to treat primary lip carcinoma. It should be noted that, 
the lack of tissue memory for PDT unlike radiation therapy is another ad- 
vantage of PDT due to that this option can be repeated if needed, 


Chemotherapy 


Chemotherapy for lip carcinoma is mainly recommended in patients with 
advanced and metastatic disease. Chemotherapy can also be used as an ad- 
juvant or neoadjuvant therapies, alone or combined with radiotherapy. For 
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this purpose, platinum-based regimens and taxanes (paclitaxel, docetaxel) 
are used. In selected cases, targeted therapy can also be employed (see page 
251). 


PROGNOS 


Lip carcinoma is one of the most curable malignancies in the head and 
neck. This is mainly because the lips ) 
early detection of the lesion. Progno: inoma is dependent on the 
location and TT stage of the tumor, grade of the tumor, lymph node involve- 
ment, presence of distant metastasis, 

5-year survival rates are about 90-98% for Tl tumor, 60-80% for T2 tue 
mor, 40-50% for T3-T4 tumor. 

Nodal involvement is associated with unfavorable long-term outcome 
with 5-year survival rate less than 50%, Increase in N stage is associated 
much worse prognosis. 

Lip carcinoma that develops at the labial commissure has the most unfa- 
vorable prognosis compared to carcinoma that develops on other parts of the 
lower lip. 

Recurrence rate ranges from 5% to 30% depending on the stage of the 
tumor and used treatment option. 


PREVENTION 


Despite all people are at risk to develop lip carcinoma, this cancer is in- 
comparably more common in a certain group of people, who are intensively 
exposed to the relevant carcinogenic factors, especially to UV radiation and 
have premalignant conditions. Therefore, in order to reduce the risk of de- 
veloping lip carcinoma, it is necessary to eliminate or weaken the effect of 
carcinogenic factors and treat precancerous diseases in time. ‘The following, 
measures may reduce the risk of developing lip carcinoma: 
* Avoiding excessive sun exposure. Limiting outdoor activities between 
10:00 and 16:00 even in winter and cloudy day 
* Use of sunscreens, balms and indifferent ointments in persons undergone 
long-term exposure to adverse meteorological factors and whose occupa- 
tion is associated with their harmful effects on the lip: 
* Giving up bad habits (smoking, chewing mixtures that irritate the vermil- 
lion border of the lip) and eliminating harmful environmental factors: 
* Compliance with hygiene measures, sanitation of the oral cavity, ade- 
quate prosthetics 
Following a diet rich in beta-carotene, vitamin E and vitamin C; 
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* Treatment of precancerous conditions and background diseases of the 
vermillion border of the lip. 


Screening for lip carcinoma 

No screening programs are used for lip careinoma due to visible location 
of the lesion. People with any lesion persisting more than 3 weeks are rec- 
ommended to consult a doctor for evaluating the pathological condition. 


Follow-up for lip carcinoma survivors 


Follow-up of the patients treated for lip carcinoma includes mainly phys- 
ical examination (and medical tests whenever needed clinically) carried out 
every 2 months for the first year, every 4 months for the second year, every 
6 months for the third year, and once a year thereafter. 
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EPIDEMIOLOGY AND STATISTICS 


Carcinoma of the oral mucosa (COM) is a major global health problem, 
COM includes tongue carcinoma, palate carcinoma, carcinoma of the pala 
tine tonsil, carcinoma of the buccal mucosa, gum carcinoma, oral floor car- 
cinoma, ete. Cancer of oral mucosa ranks 17th among all malignant neo- 
plasms (excluding cutaneous carcinoma) worldwide according to GLO- 
BOCAN, 2020. In 2020. 377.713 new cases (together with lip carcinoma, 
Which accounts for 15-30% of those eases) of the mentioned cancer were 
registered globally, which accounted for approximately 2% of all malignant 
tumors. Approximately 98% of oral cancer cases are attributable to COM. 

COM in men is observed 2-3 times more often compared with women 
worldwide (about 5 times more often in Central and Eastern Europe, 1.5 
times more often in Northem Africa, Easter Asia and Oceania), In regions 
with a high incidence of COM where the intensity of the corresponding car- 
cinogenic factors is high and both sexes are equally exposed to these factors, 
COM is observed in both sexes equally. The highest incidence of this cancer 
is observed at ages 30-70 years, and in women it occurs 10 years later than 
in men. 

‘Two-thirds of COM eases are found in developing countries. One third of 
all cases of this cancer worldwide are seen in India. The highest incidence 
rate is observed in Papua New Guinea, the Republic of Maldives, Sri Lanka 
and Pakistan, The lowest incidence of this cancer is observed in Eastem 
Asia, Northern and Westem Africa, Oceania and South-Eastern Europe. 
‘This carcinoma in men is the third most common malignant tumor in under- 
developed countries. ‘The incidence of COM is higher in dark-skinned peo- 
ple compared with fair-skinned population, This is due to possible differ- 
ences in social, cultural and socio-economic characteristics. 

In recent decades, there has been a significant decrease in incidence of 
COM in Asia, Northen America, Australia, Southern and Western Europe. 
On the contrary, in recent decades there has been a significant inerease in 
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the incidence in Norther and Eastem Europe, which is explained by the 
ongoing tobacco epidemic. 

In 2020, 177.757 cases of death from COM (in conjunction with lip car- 
cinoma) were registered worldwide, which accounted for 1.8% of deaths 
from all malignant tumors and ranked 17th among all causes of cancer- 
related death. 


ETIOLOGIC FACTORS: 
Environmental factors 


‘The main chemical agents that play an important role in the development 
of COM are associated with smoking and consuming alcoholic beverages. 
Both factors are independent carcinogens in the development of this cancer. 
Approximately 75% of COM cases develop due to exposure to these factors. 
According to data, each of these two factors separately increases the risk of 
developing COM by 3-9 times, but in combination up to 100 times. 

‘The cigar, pipe, and mouthpiece increase the risk of developing COM in 
the same way as the cigarette. Along with these forms, tobacco is also used 
in other smoked tobacco products, especially in India and South Asia. Bidi 
(beedi) is a thin, small Asian cigarette, which is chopped raw tobacco leaves 
mixed with herbs, wrapped in a leaf of Coromandel ebony (Diospyros mel- 
anoxylon, called tend in Hindi). Bidi is very popular among the rural and 
poor urban people. The concentration of nicotine, tar and other toxic sub- 
stances in bidi smoke is higher compared with other tobacco products, 
Which leads to a high risk of COM in bidi users. 

Smoking chutta (a type of cigar that is short, rough, and hand-made from 
under-dried tobacco leaves) with the burning end of the cigar placed in the 
mouth has been associated with a high incidence of developing palate carci 
noma. It should be noted that in other cases, carcinoma very rarely develops 
on the palate, Chutta is used in India and South As 

Using naswar (nds, nasvay), a smokeless (non-smoking) tobacco product 
also poses a high risk for developing COM in addition to lip carcinoma, The 
main constituents of nasvay are tobacco and slaked lime. Slaked lime i 
used to allow active substances to enter the bloodstream through the mucous 
membrane, Also, the composition of the product may include vegetable oil 
and seasonings to improve the taste. Nasvay is not manufactured at the fac- 
tory, its production is organized at home. In the manufacture of nasvay, in- 
stead of slaked lime, plant ash, chicken droppings or camel dung can be 
used as alkali. Thus, slaked lime, tobacco, ash and dung contained in nasvay 
and other mixtures are quite strong carcinogens. Nasvay is placed in the 
mouth, trying to prevent it from getting on the lips, which in this ease are 
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covered with blisters. It should be 
noted that nasvay is mainly pro- 
duced and consumed in the coun- 
tries of Central Asia, where it is 
very popular. According to the Re- 
publican Oncologic Scientific Cen- 
ter of Uzbekistan, more than 80% of 
patients diagnosed with COM and 
laryngeal carcinoma used nasvay. 

In some countries (in the coun- 
tries of Southeast Asia), betel quid is 
widely used for this purpose (made 
from the leaves of the evergreen 
vine Piper betel of the family Pipe- 
raceae), which has the highest car- 
cinogenic effect on the oral mucosa 
(Figure 9.1), Betel nut (Areca nut, 
the seed of the Areca palm tree), Tews 9. Maver logs eareion 
which is crushed or thinly sliced, is factors oral 
sprinkled on top of the betel quid. m=" According to Lin W-Tetal (2011) 
To taste, other ingredients, including tobacco are added to the betel quid 
composition. Despite the fact that betel nut is a carcinogen, the addition of 
tobaceo further increases the carcinogenic effect. Betel quid has been used 
for several millennia as a tradition in those countries. This kind of "gum" is 
placed in the mouth between the cheek and gum, and a slow chewing pro- 
cess begins. 200-400 million people globally consume betel quid. In Tai- 

85% of COM patients consumed betel quid. 


odds ratio 
wae SBR este 


In developed countries (in Scandinavian countries, the United States, 
ete.), snuff is popular as smokeless tobacco, which is a tobacco leaf crushed 
to a coarse powder. There are two types of snuff: dry smuff (European), this 
is a nasal snuff, usually very finely ground (to a powder state); wer snuff, 
intended for oral use. A certain portion of wet snuff, poured into a can of 
tobacco, is placed in the mouth, between the lip and gum. Snuff is widely 
distributed in Africa and Asia and is allowed in many countries such as Bel- 
arus, Bulgaria, Ukraine, Russia, etc. Snuff users develop so-called "snuff- 
user carcinoma", which occurs typically in the vestibule of the mouth and is 
seen as a verrucous carcinoma (Ackerman’s tumor). Verrucous carcinoma is 
especially seen frequently in the Southeastem United States, where dipping 
(use of moist snuff) is very popular. 
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Smokeless tobacco products contain, along with nicotine, more than 30 different chemi- 
cal carcinogens (of which tobaceo-specific nitrosamines are the strongest), A person who 
uses smokeless tobacco receives the same amount of nicotine as when smoking, While 
smokeless tobacco manufacturers often claim that this product helps people quit smoking, 
there is no scientific evidence to support these kinds of claims Conversely, the use of 
smokeless tobacco causes nicotine addiction, which in most cases leads to smoking 


{In some countries, traditions prohibit smoking among women and children, but there is 
no taboo regarding the use of smokeless tobacco products. Therefore, in such countries, 
‘women use smokeless tobacco products and children leam how to use them from an early 
sige. There is evidence that in the villages of India, one third or half of children under 10 
years of age used smokeless tobacco products. A new law in Pakistan prohibits the sale of 
betel quid to children under age S years. It should be noted that in India about 40% of 
tobacco is consumed as smokeless tobacco. 


‘There are about 70 carcinogenic substances in the smoke of tobacco products or in its 
Water-soluble components, in smokeless tobacco products about 30 as mentioned above, 
Among them, the aromatic hydrocarbon, benzpyrene and tobacco-specific nitrosamines: 
‘N:-nitrosonomnicotine, N-nitrosopyrrolidine and N-nitrosodimethylamine have the strong- 
est carcinogenic effect These carcinogens exist in both tobacco smoke and smokeless 
tobacco products and damage DNA. with forming O6-methylguanine (by alkylation of 
the oxygen afom in guanine) and leading to serious mutations. The metabolism of the 
‘mentioned carcinogens is carried out by oxidation, which is fulfilled by cytochrome P450 
enzymes or by conjugation with the help of glutathione-S-transferase (GST), Ultimately, 
the carcinogenic effect of these agents to a certain extent depends on polymorphism of the 
‘genes encoding the P450 and GST enzymes. 


‘There are many other varieties of smokeless tobacco that have different composition 

and are consumed in different countries of Asia and East Africa; mawa (betel nut, lime, 
tobacco), gadakins (tobacco. molasses, lime and red soil), zarda (tobacco mixed with ar- 
‘omatic spices, herbs, saffron etc.), mishri (roasted and powdered tobacco), shammah (to- 
bacco, slaked lime, ash, black pepper). guthka (roasted tobacco, betel nut, slaked lime, 
‘catechu, spice), Khaini (sun-dried tobacco leaves, slaked lime), kharra (tobacco, areca nut, 
lime, catechu), toombak (tobacco, baking soda), etc. It is especially difficult to limit the 
spread of guthka, as children mistake it for a type of sweet. Others believe that it refreshes 
the mouth due to that they prefer regular consumption, 

Although carcinogenic activity of the main psychoactive component of 
marijuana (cannabis), tetrahydrocannabinol is not known, the tarry matter 
of marijuana smoke has the same carcinogenic substances that are contained 
in the tar of a tobacco smoke, but with a more harmful effect due to the pe- 
culiarity of marijuana smoking; the volume of smoke is drawn in more and 
the smoke lingers inside longer. For this reason, smoking marijuana increas- 
es the risk of developing COM in the same way as smoking tobacco prod- 
ucts. 

Drinking alcohol regularly (alcohol abuse) is the second chemical and 
independent risk factor for COM after smoking globally. In non-smokers, 
alcohol is a major risk factor for developing this cancer. In Westem coun- 
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tries, 75-80% of people consume alcohol. Drinking more than three units 
(£30 g) of alcohol per day is a risk factor, and as the dose increases, the risk 
of developing COM increases in parallel. People who smoke and drink al- 
cohol are at much higher risk, as stated above. All alcoholic beverages are 
carcinogenic for oral mucosa. It should be noted that alcohol significantly 
increases the risk of major precancerous pathologies as well: 1.5 times for 
leukoplakia, 2 times for submucosal fibrosis of the oral cavity, and 3 times 
for erythroplakia (see below). It should be noted that floor-of:the-mouth 
carcinoma mainly develops in heavy drinkers 

‘There are reliable data about the association of human papillomavirus 
(HPY) infection with oral mucosal carcinoma. The risk of oral infection 
with HPV is especially higher in those who are sexually promiscuous, as 
Well as in people with non-traditional sexual orientation. The mentioned vi- 
rus is not only a prerequisite for cervical carcinoma, but is also an important 
factor for the development of non-keratinizing squamous cell carcinoma lo- 
calized on the base of the tongue, on the palatine tonsils and in the orophar- 
ynx. Thus, the epidemiological, microscopic and molecular evidence con: 
clusively supports the association between HPV and oropharyngeal ¢: 
noma. It should be noted that the mentioned virus is rarely detected in carci 
noma of the other sites of oral mucosa. 

‘There are about 200 types of HPV, and 24 of them, with different onco- 
genic potentials, have the ability to damage the oral mucosa. HPV6 and 
HPV11 are types with a little oncogenic potential and are responsible for the 
development of benign epithelial proliferation. On the contrary, HPV16 and 
HPVI8 are characterized by a very high oncogenic potential, Thus, the na- 
ture of the lesion associated with HPV infection depends on HPV type. 
‘Thus, COM is associated with HPV16 and HPV18, squamous cell papillo- 
ma with HPV6 and HPV11, focal epithelial hyperplasia (Heck disease) with 
HPV13 and HPV32, Of these benign neoplasms, squamous cell papilloma i 
most often seen, which can progress to verrucous carcinoma (Ackerman’s 
tumor). 

In 25-35% of patients with COM, HPV DNA is found in the tumor tissue, The role of 
HPV in the development of carcinoma is explained by the fact that certain HPV genes 
encode specific proteins (E6 and E7) that are able to inactivate the products of tumor sup- 
pressor genes 7P53 and RB. Inactivation of TPS3, in tum, leads to the development of 
‘mucosal carcinoma, Patients with HPV-associated COM are typically younger than those 
with HPV-independent carcinoma. Alcohol and tobacco use further increases the risk of, 
developing this cancer in HPV-infected individuals. Benign HPV-associated neoplasms 
may persist for 2 longtime or disappear spontaneously: 

Studies prove the link between dental problems, poor oral hygiene and 

COM. These factors causing chronic trauma to the mucous membrane con- 
tribute to the development of cancer on it. The area of inflammation oc- 
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curred as a result of chronic traumatization is especially sensitive to the ef 
feots of chemical carcinogens (alcohol, tobacco chemical carcinogens, ete.) 
For this reason, in appropriate patients, carcinoma is most often observed at 
the site of chronic inflammation. 


A diet characterized by a lack of vitamins (vitamins A, C, E) and trace 
elements (Zn, Se), which have an antioxidant property, and iron contributes 
to the development of COM. As known, these vitamins and microelements 
have the ability to “cleanse” free radicals from cells, which is very im- 
portant in preventing the development of cancer cells. The role of the die- 
tary iron deficiency in the development of COM is explained by the fact that 
it leads to atrophy and inflammation of the mucous membrane of the upper 
digestive tract, including the oral cavity. 

In conclusion, it should be noted that approximately 91% (93% in men, 
85% in women) of cases of COM are associated with lifestyle. 


Precancerous lesions and diseases 


Leukoplakia is a lesion of the mucous membrane characterized by focal 
keratinization of the stratified squamous epithelium. Leukoplakia is a de- 
scriptive term currently defined as a “white plaques of questionable risk 
having excluded (other) known diseases or disorders that carry no in- 
creased risk for cancer”. In other words, leukoplakia is a clinical term for a 
persistent white patch without histologic connotation, This pathological 
condition occurs against the background of chronic irritation (mainly smok- 
ing and chewing tobacco products, alcohol abuse) of the oral mucosa and is 
a kind of protective reaction of the body; itis a local reaction (metaplasia) to 
chronic stimuli, Leukoplakia of the oral mucosa is 6 times more likely to be 
found in smokers. This pathological condition is dyskeratosis, i., keratini- 
zation disorder. The color of the keratin of the keratinized epithelium deter 
mines the white or grayish shade of the foci of leukoplakia. This pathologi- 
eal condition occurs on the lip and oral mucosa, in the respiratory tract, gen- 
itourinary organs, and anus. Oral leukoplakia is a common lesion and its 
prevalence is 1.1-11.7% (on average, 2.9%) in the general population. In 
other words, oral leukoplakia accounts for 80% of all precancerous patho 
logical conditions of the oral mucosa. This lesion can be observed at any 
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age, but is most often found before 
age 40 years. 

Smooth (flat) and verrucous leu- 
koplakias are distinguished (Figures 
9.2, 9.3). Unlike flat leukoplakia, 
Verrucous leukoplakia is a precan- 
cerous condition (see below). In 
other words, verrucous leukoplakia 
is an aggressive form of leukoplakia 
and in most cases, a consequence of 
the existing flat form of leukoplakia. - 

‘The primarily occurring verrucous 

form may be due to a strong and 

prolonged exposure to an irritating 

factor. In leukoplakia, the process of 

Keratinization is significantly accel- 

erated, and the affected area begins 

to become prominent noticeably 

against the background of the tissues Figure 92. Non-homogenous (flat). leu- 
surrounding it. Verrucous leukopla- Koplakia on the inferior surface of the 
kia is most commonly seen in older fongve in a 26-year-old female who had 
women and is directly related to to- bee" Smoker without consuming alcohol 
bacco use. This form of leukoplakia tends to appear in the form of multiple 
foci. According to data from various observational studies, the transfor- 
mation of leukoplakia into carcinoma (SCC or verrucous carcinoma) occurs 
in 3-20% of cases within 15 years. This means that approximately 0.2-1.2% 
of cases of oral leukoplakia of all 
types taken together transform into 
carcinoma per year. But prolifera- 
tive verrucous leukoplakia (a type of 
verrucous leukoplakia) progress to 
carcinoma in about 80-90% of cas- 
¢8, It should be noted that, compared 
with other precancerous diseases, 
COM most often accompanies leu- 
koplakia (in more than 20% of eas- 


Figure 9.3. Verrucous leukoplakia of the 


es). 

Exythroplakia is a limited patch 
of red color on the mucous mem- 
brane, Erythroplakia is a clinical 
term currently defined as "a fiery 


‘oral mucosa. Moussa M, Salem H, EIRefai 
SM. Oral proliferative verrucous  lew- 
koplakia: the unsolved paradox. Madridge J 
Dent Oral Surg, 2017, 2: 55-58, Available 
under the CC BY 4.0 license. 
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red patch that cannot be character- 
ized clinically or pathologically as 
any other definable disease”. Some- 
limes there isan inhomogeneous 
combination of leukopl: and 
erythroplakia, which in this case is 
called erythroleukoplakia. Although 
the exact causes are not entirely 
known, most cases of erythroplakia 
are associated with smoking and 
chewing tobacco products. The 
prevalence of erythroplakia is 0.02- 
0.83% and is observed in middle- 
aged and elderly people. Men de- 
velop erythroplakia more often than 
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YB, Pre-cancer and cancer. In: Migliorati C 
(ed): Diagnosis and management of oral 
lesions. and conditions. IntechOpen, 2014; 
95-103, Available under the CC BY 3.0 
license 


women. The erythroplakie lesion is 
typically 1.5 em in diameter, but can occasionally be larger than 4.0 em or 
smaller than 1.0 em, and is always solitary (Figure 9.4). Solitariness is a 
Very important feature of erythroplakia, which helps to differentiate it from 
erosive lichen planus, lupus erythematosus, and candidiasis erythematosus, 
which affect more or less symmetrically. Erythroplakia can develop any- 
Where in the oral mucosa, but is most often seen in the soft palate, floor of 
the mouth, and buceal mucosa. Erythroplakia is manifested as a red patch 
elevated above the mucous mem- 
brane and a rough (velvety) surface, 
the scraping of which is accompa- 
nied by bleeding, Erythroplakia of 
the oral mucosa is characterized by 
a high risk (50%) of developing 
carcinoma, and carcinoma in sitt is 
observed in 40% of the foci of oral 
erythroplakia. 

Oral submucous fibrosis is often 


a sequela of progressive fibrosis of Figure 95. Oral submucous fibrosis ina 42- 
the oral mucosa (Figure 9.5). This Ye#-old man who has had a habit of chew- 


pathological condition is very 198 Buthka (see above) 10-15 times a day 


strongly associated with betel chew- {Sip Vahey, Nate erica 
ing, Due to unknown mechanism, at 


first, the lamina propria undergoes 
hyalinization and fibrosis, which 
leads to atrophy of the epithelium. 


smokeless tobacco induced oral premalig- 
nant lesions, AsJ Case Reps Med & Health, 
2018; 1: 1-5. Available under the CC BY 
40 license. 
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In the area of atrophied epithelium, 
carcinoma develops over time. The 
risk of developing COM in patients 
with oral submucous fibrosis is 7 
13%. In other words, about 0.5% of 
cases of oral submucous fibrosis 
transform into carcinoma per year. 
Nicotine stomatitis is a specific 


form of keratosis that is seen on the — or, 
palate of cigar and mouthpiece jy °sif;y- Baharvand Mt Craw eons 
smokers, A similar palatal lesion is gn updated clinical ion tree 


also seen in chutta smokers (see Dent J, 2019, 7: 15-38, raralble aa the 
above). Nicotine stomatitis is elini- CCBY 40 lense, 

cally characterized by umbilical papules (which are the blocked palatine 
glands) with a red central depression (which is an inflamed ductal opening). 
‘The mentioned papules are mainly observed on the back of the hard palate 
and on the soft palate (Figure 9.6). The underlying mucosa may clinically 
appear as normal or affected by leukoplakia. Leukoplakia is especially 
prominent in chutta smokers. In traditional smokers, palate pigmentation 
and erythema are frequently observed, and in chutta smokers, in addition to 
leukoplakia, thickening of the mucosa, cracks, nodularity and ulceration of 
the mucosa of the palate are often seen. In traditional smokers, nicotine sto- 
matitis usually does not progress to a malignant lesion, but in chutta smok- 
ers it ean tum into carcinoma. 

Smokeless tobacco keratosis is a chronic white or grayish mucosal patch 
that occurs in the area of mucosal contact with smokeless tobacco (Figure 
9.7), Therefore, smokeless tobacco 
keratosis occurs in the groove be- 
tween the cheek and gum (or be- 
tween the lip and gum) of the lower 
or upper jaw, The lesion does not 
scrape off and disappears after the 
cessation of the use of smokeless 
tobacco. The damaged area usually 
acquires a granular-wrinkled ap- 
pearance. Sometimes, erythroplakia 
or erythroleukoplakia occurs along Hee Smokeless tobacco keratosis in 
with, People with smokelesss tobac- 
co keratosis have an increased risk 
of developing COM. 

Lichen planus is an autoimmune 
disease that develop s as a result of 


‘Available under the CC BY 3.0 license 
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Figure 9.8. Oral lichen planus with specific white pattem. A — reticular type; B—plaque- 
like type. Mortazavi H, Safi Y, Baharvand M. Oral white lesions: an updated clinical 
agnostic decision tree. DentJ, 2019, 7: 15-38. Available under the CC BY 4.0 license. 
‘T-cell attack on unknown proteins found in keratinocytes in the skin and 
mucous membranes (see page 225), Therefore, this disease can affect the 
skin, the vermillion border of the lip and the mucous membranes of some 
organs (oral cavity, esophagus, vagina). Lichen planus is a widespread dis- 
ease. Among diseases of the oral mucosa, the proportion of lichen planus, 
according to some authors, is 35°. Recently, there has been an increase in 
the incidence of lichen planus. The disease is observed at different ages and 
women suffer from lichen planus more often than men. Very often, lichen 
planus affects only the oral mucosa. The prevalence of oral lichen planus is 
0,5-3%, Oral lichen planus can affect any part of the mucosa, but the poste- 
rior surface of the tongue, buccal mucosa, and gums are most commonly 
affected (Figure 9.8). The role of lichen planus in the development of COM 
is a matter of debate. Compared with the other clinical subtypes, the 
atrophic and erosive subtypes of lichen planus are characterized by the 
highest risk of developing COM. There is evidence that 2° of patients with 
lichen planus develop COM. 

In precancerous and cancerous conditions of the oral mucosa, candidiasis 
of the affected parts is very often observed. Studies show that some strains 
of Candida albicans produce nitrosamines from amine substrates found in 
food that may induce precancerous condition. 

Squamous cell papilloma is the most common benign neoplasm of the 
oral mucosa, and its development is pathogenetically associated with HPV 
infection (see above), Squamous cell papilloma can be found in all areas of 
the oral mucosa and has the potential for malignancy. 

It is important to note that not always premalignant conditions proceed 
COM; in about 50% of cases, COM develops against the background of an 
unchanged, normal mucosa. 
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Hereditary disorders 


‘The following hereditary disorders are associated with an increased risk 
of COM: 

* Fanconi anemia, 

+ Xeroderma pigmentosum, 

* Kindler syndrome, 

* Dyskeratosis congenita, 

* Li-Fraumeni syndrome, 

* Bloom syndrome, 

"Ataxia telangiectasia. 


Fanconi anemia is a rare hereditary (approximately 1 out of 160.000 
newboms worldwide), genetically heterogeneous, recessive disorder 
(RADS1 gene-associated Fanconi anemia is autosomal-dominant), which 
occurs due to hereditary mutations in the FANC genes and is characterized 
by a chromosomal fragility, many congenital anomalies, progressive aplas- 
tic anemia and a high risk of developing leukemia and SCC, The identifica- 
tion of different genes, mutations in which play a role in Fanconi anemia, 
has revealed a complex network of interacting proteins that can recognize 
defects in DNA and repair it. Fanconi anemia is most common in Ashkenazi 
Jews, Spanish Gypsies, and Afrikaans-speaking people in Africa among 
whom 1 out of 90 people is carrier. There are at least 18 varieties of Fanconi 
anemia, denoted by Latin letters: A, B, C, D1, D2, E. F, G, LJ. L, M,N, O, 
ete., which correspond to the following genes: FANCA (16q24.3), FANCB 
(Xp22.2), FANCC (9922.32), FANCD] (13q13.1), FANCD2 (3p25.3), 
FANCE (6p21.31), FANCF (11p14.3), FANCG (9p13.3), FANCI (15q26.1), 
FANCJ (17q23.2), FANCL (2p16.1), FANCM (14q21.2), FANCN/PALB2 
(16p12.2),_FANCO/RADSIC (17922), FANCP/SLX4 (6p 13.3), 
FANCQERCC4 (16p13.12), FANCR/RADSI (1$q15.1), FANCT/UBE2T 
(1932.1). Of particular interest are the FANCDI, FANCJ and FA 
So as a result of further research, it is found out that the FANCD/ gene is 
y the BRCA2 gene, and the FANCJ gene is the BRIPI gene, and 
/ gene is PALB2 gene. A monoallelic (heterozygous) mutations in the 


cause Fanconi anemia, Fanconi anemia in most cases (66%) is associated 
with mutations in the ANCA gene, which is mainly observed in Ashkenazi 
Jews. Other genes are the cause of this disease in 0.4-9.5% of cases. Except 
for RADS/ and the X-linked FANCB genes, homozygous mutations in other 
genes cause an autosomal recessive Fanconi anemia with a wide variety of 
clinical manifestations. 
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The PALB2 protein acts as a physical link between the BRCAI and BRCA2 proteins, 
thereby, forming the "BRCA complex". Subsequently, the RADSI protein also binds to 
this complex, and the process of homologous recombination begins, due to which DNA 
breaks are repaired. Heterozygous mutations in the BRCA? and PAL? genes are associ- 
ated with an increased risk of developing breast carcinoma, pancreatic carcinoma, and 
some other carcinomas, as stated above. 

At the cellular level, Fanconi 
anemia is considered a chromoso- 
mal breakage syndrome, since the 
cells in this disorder are very se 
tive to factors that (mitomysin C, 
diepoxybutane, cisplatin) can cause 
cross-links between DNA strands. 

Patients with Fanconi anemia 
ustally present with aplastic anemia 


between ages 5 and 10 years. Ap- carne rserrtt 

i q % ie vi "igure 9: ina 27- 
this dione show corain physical arate wih Fee mein Cae 

53 “7 7. Tint G, Longobardi G, Boniello R. et al. 

defects in the form of radial aplasia, Fancom anemia manifesting as a squamous 
hyperpigmentation of the skin in the cell carcinoma of the hard palate: a case re- 
form of "café-au-lait spots", growth port. Head & Face Medicine, 2006, 2; 1-5. 
retardation, microphthalmia, kidney “Vailsble under the OC BY 2.0 license. 
malformations. Malformations of the reproductive system, gastrointestinal 
tract, brain anomalies, hydrocephalus, microcephaly may also occur. 

Patients with Fanconi anemia are high risk of developing myeloid leu- 

Kemia and solid malignancies (especially SCC of the head and neck and 
anogenital SCC). Solid tumors are most often observed from the age of 20 
years (approximately 25% of patients by age 45 years). The risk of develop- 
ing solid malignant tumors is approximately 50 times higher in Fanconi 
anemia, SCC in this disorder is detected at an average age of 33 years; 30- 
40 years earlier than sporadic SCC cases (Figure 9.9). Patients with Fanconi 
anemia are 500-700 times more likely to develop head and neck SCC, 2,000 
times more likely to develop esophageal carcinoma, and 4.000 times more 
likely to develop vulvar carcinoma, In patients with Fanconi anemia, two- 
thirds of cases of SCC of the head and neck develop in the oral cavity, most 
often on the lateral edges of the tongue and on the gum. 

Despite the accumulated evidence that HPV infection and Fanconi anemia (FA) con: 
tribute to the development of SCC of the head and neck and anogenital organs by the 
same molecular mechanisms (according to the data, HPV E6 and E7 oncoproteins in the 
affected people disrupt the FANC/BRCA signaling pathway of repair of DNA damage), 
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Neroderma pigmentosum is also 
associated with an increased risk of 
developing COM in addition to cu- 
taneous carcinoma and melanoma 
(see page 166). The risk is parti 
larly higher for carcinoma of the tip 
of the tongue (Figure 9.10). It 
should be noted that the risk of de- 
veloping carcinoma of the tongue is 
the same in dark-skinned and fair- 
skinned people with seroderma 
pigmentosa, Smokers with xeroder- 
ma pigmentosum also have an in- 
creased risk for carcinoma of other Mire Qtarsee oti mierer pat of ie 
parts of the oral mucosa. 

Kindler syndrome is also associ- 
ated with an increased risk of devel- 
‘oping COM in addition to cutaneous 
SCC and lip carcinoma (see page 
172). In individuals with Kindler syndrome, not only the skin, but also the 
mucous membranes can be fragile and easily damaged. Periodontitis, gingi: 
Vitis, conjunctivitis, esophageal stenosis, proctocolitis, vaginitis, urethritis 
are common pathological conditions in patients with Kindler syndrome. ‘The 
risk of developing SCC increases by age 30 years. 

Dyskeratosis congenita (Zinsser-Engman-Cole syndrome) is also associ- 
ated with an increased risk of developing COM in addition to cutaneous 
SCC (see page 173). The syndrome is characterized by the mucocutaneous 
triad: nail dystrophy, skin pigmentation disorder (reticular pigmentation), 
and oral leukoplakia (Figure 9.11). In approximately 65% of cases of con- 
genital dyskeratosis, oral leukoplakia is seen, which often (in 3-20% of cas- 
es) progress to COM, It should be noted that in 10% of eases of dyskeratosis 
congenita, solid malignant neoplasms develop, half of which are carcinomas 
of the head and neck. including COM. 

Despite the fact that the main oncologic spectrum of Li-Fraumeni syn- 
drome does not include COM, this syndrome is also associated with an in- 
creased risk of COM in addition to many other malignancies (see page 280). 


‘Available under the CC BY 40 license, 
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Bloom syndrome is also associat 
ed with an increased risk of devi 
oping COM in addition to various 
hematolymphoid, epithelial, and 
mesenchymal — malignanci 
page 167). 

Ataxia telangiectasia is also as- 
sociated with an 
developing COM in addition to var- 
ious hematolymphoid, epithelial and 


males malignancies sce pst 

‘old boy with dyskeratosis congenita. Roy B, 

Mondal G, Paul D et al. Dyskeratosis con- 

Conditions associating with an genita: a rare case report. J Nepal Paediatr 

increased risk of carcinoma of Soc, 2013; 33: 223- 226, Available under 
the CC BY 3.0 license. 


oral mucosa 


‘There is a strong association between COM and older age. At an older 
age (>55 years), the risk of developing COM increases significantly. 

Individuals with immune deficiency have an increased risk of developing 
COM. 


CARCINOGENESIS 


Loss. of heterozygosity studies, have identified chromosomal changes 
(particularly in chromosomes 3, 9, 11, 13, and 17) suggestive of the in- 
volvement of tumor suppressor genes. These regions include some genes on 
the short arm of chromosome 3, CDKN24 (9p21.3), TPS3 gene (17p13.1). 

‘As well as tumor suppressor genes, in carcinogenesis of COM other 


genes also be involved in growth control, mainly those (proto- 
oncogenes) involved in signal transduction; particularly, PRAD! (11q13.3) 
and HRAS (11p15.5) genes are affected. Alterations in these and other pro- 


to-oncogenes can disrupt cell growth control and ultimately result in uncon- 
trolled cell proliferation. The genetic aberrations involve chromosomes 9, 3, 
17, 13, and 11 (in order of decreasing frequency), and inactivated tumor 
suppressor genes, especially CDKN2A, and 7P53 and overexpressed proto 
oncogenes, especially PRADI. 

In some patients with COM, genes encoding carcinogen-metabolizing 
enzymes are also implicated. ADH3 (aleohol dehydrogenase type 3) geno 
types appear to be predisposed to COM. Ethanol is also metabolized to 
some extent by cytochrome P450 IIEI (CYP2E1) to acetaldehyde. Muta- 
tions in some genes may be related to cytochrome P450 genotypes (cyto- 
chrome P450 can activate many environmental procarcinogens) and predis- 
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pose to COM. Glutathione § transferase (GST) genotypes (GST are en- 
zymes detoxifying environmental carcinogens as well as a wide range of 
hazardous substances) may have impaired activity in some cases of COM, 


PATHOMORPHOLOGY 


COM can develop at any site of the oral mucosa, but most commonly the 
border of the tongue, gingiva, buccal mucosa, soft palate is involved. Tumor 
can appear as ulver, indurated lump or polipoid mass. Early carcinoma may 
manifest as red (erythroplakia) and white patches (leukoplakia), 

Squamous cell carcinoma is the 
most common histologic type of 
COM, which can be keratinizing 
(well differentiated) and nonkeratin- 
izing (poorly differentiated). Infre- 
quently, other uncommon subtypes 
of SCC (hasaloid squamous carci- 
noma, adenoid squamous carcino- 


ma, papillary squamous carcinoma, Fame ete verte: carcinon ii 


verrucous carcinoma) and other 
types of COM (adenoid cystic car- 
cinoma, spindle cell carcinoma) can 
also be seen (Figure 9.12). 

COM has a propensity to metas- 
tasize to regional lymph nodes. Lin- 


coral vestibule in a 64-year-old man who had 
vused snuff and smoked for >20 years with- 
out drinking alcohol. Eltohami YI, Alim 
‘NE, Suleiman AM. Abuaflan AH. Snuff 
(tomback) dipping verrucous carcinoma: a 
case report. Otolaryngol (Sumyvale);, 2017, 
7: 24, Available under the CC BY 4.0 lic 


gual, submental and submandibular "© 


lymph nodes (primarily in the anterior neck) demonstrate the earliest in- 
volvement. Cervical lymph node involvement ranges from 30% to 80% de- 
pending on T stage of the disease. The frequency of nodal involvement de- 
pends on the size of the tumor, depth of invasion, grade of the tumor, peri- 
vascular and perineural invasion. ‘The risk of distant organ metastasis is low, 
ranging from 1% to 33.0% (mean, 6.0%) at initial presentation, ‘The most 
common sites of distant metastasis are the lungs, rarely the liver and bones 


Staging of carcinoma of the oral mucosa 
‘TNM staging of COM is detailed on page 668. 


CLINICAL PRESENTATION 


‘The majority of the patients (90-95%) with COM present with non- 
healing ulcer (or ulcerated lesion) of ‘the oral mucosa. Early COM may not 
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cause any symptom and can mimic inflammatory conditions appearing as a 
discolored area in the form of erythroplakia or leukoplakia. Rarely COM 
can also be presented as an indurated lump, polypoid mass or even fissure 
Patients with an advanced tumor present with trismus, tooth mobility, senso- 
ry changes, slurring of speech, feeding and swallowing problems due to in- 
vasion to the adjacent structures, 


DIAGNOSTICS: 


Clinical examination (history taking. inspection and palpation) can pro- 
vide valuable information for diagnosis in patients with COM, as the lesion 
can be readily seen by naked eyes and palpated. Thorough examination of 
the oral mucosa, all sides of the tongue, including its root, teeth, gingiva, the 
floor of the oral cavity should be examined carefully in a good lighting. ‘The 
physician should be aware of that single ulcer, red or white patch, especially 
if the lesion persists more than 3 weeks, may be the manifestation of COM 
and take biopsy samples for histologic examination in such cases. Late 
COM cases may manifest as an exophytic mass or ulceration with indura- 
tion (Figures 9.9, 9.10, 9,12). A typical malignant ulcer (ulcerated carcino- 
ma) is hard with rolled and everted edges and granular floor. 

‘The most common site of COM is the lateral aspect of the posterior por- 
tion of the tongue, which can be missed on cursory inspection: hence, care- 
ful examination should be ensured. The floor of the mouth (especially. the 
anterior part) is the second most common site of COM, which is commonly 
associated with leukoplakia. Carcinomas of the buccal mucosa are mainly 
detected at the commissure of the mouth or in the retromolar area and most- 
ly appears as a lump. Carcinomas of the gingiva can appear as an exophytic 
mass or ulcer with underlying bone is invaded in $0% of the cases. 

Palpation can detect induration and fixation to deeper anatomical struc- 
tures. Palpation can also detect suspicious cervical lymph nodes. Rarely, in 
patients with COM enlarged cervical lymph nodes can be detected in the 
absence of any apparent tumor. 

‘The diagnosis of COM is confirmed by examination of tissue samples 
taken through incisional biopsy carried out during physical examination. 
Excisional biopsy is always contraindicated, because this procedure unlikely 
can provide adequate wide negative margin if the lesion is malignant. This 
approach can also eliminate clinical evidence of the site and character of the 
lesion for the surgeon and radiotherapist. US-guided fine-needle biopsy is 
favored in patients with enlarged regional lymph nodes for confirming or 
excluding lymphatic metastasis, False-negative results are possible and the 
major disadvantage of this procedure is the risk of implantation metastasis, 
through the needle channel. 
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After verification of carcinoma, staging of the tumor is performed, Addi- 
tionally, it should be taken into consideration that 10-15% of the patients 
with COM have a second primary tumor in the upper aerodigestive tract 
(nasal cavity, pharynx, larynx, esophagus), which should also be excluded 
by appropriate tests (preferably, by endoscopy). Regional lymph nodes and 
distant organs (lungs, liver) should be checked by appropriate imaging stud- 
ies (US, chest radiography, CT scan). Bones and brain are checked in pa- 
tients with signs implying possible metastasis. 

Once COM is diagnosed, pretreatment (preanesthesia) evaluation in- 
cludes complete blood cell count, comprehensive metabolic panel, and 
ECG. 

Histopathologic examination of surgical specimen (resectate) determines 
the histological type of carcinoma, its degree of differentiation, T-stage and 
assess the removed lymph nodes, which are important for final pathologic 
staging and planning further treatment. 


TREATMENT 


‘The main treatment modalities for COM are surgery and radiation thera- 
py. although other treatment options (photodynamic therapy, chemotherapy) 
are also used in selected cases. Currently, there is an increased use of chem- 
otherapy and targeted therapy. 


Radiation therapy 


Radiotherapy for COM can be conducted as a EBRT (teletherapy) or in- 
terstitial therapy (brachytherapy. plesiotherapy). EBRT is accompanied by 
adverse effects (on short-term, oral mucositis; on long-term, xerostomia, 
loss of taste, osteoradionecrosis, impared wound healing following surgery), 
Which are one of the main disadvantages of this therapy. Brachytherapy is 
performed with implants of "Ir for a few days and can deliver a radiation 
dose equivalent to EBRT without serious side effects. Plesiotherapy is suit- 
able only for tumors <2.0 cm located at selected sites. 

In early-stage disease (early-stage disease is defined as either T1-2NO or 
stage I and II disease), EBRT or brachytherapy for selected stage I carcino 
ma cases gives similar locoregional control as conservative surgery does. 

Early-stage disease can be treated with radiotherapy alone without any 
use of concomitant or induction chemotherapy. For stage I disease, a stand- 
ard fractionation regimen with a primary tumor dose ranging from 66 to 70 
Gy depending on the tumor volume and location, is recommended. For stage 
II disease, a slightly more intense radiotherapy delivery is recommended 
with either hyperfractionation with slightly higher total dose (e.g., 80.5 Gy 
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delivered in 70 fractions of 1.15 Gy twice daily over 7 weeks) or moderately 
accelerated RT with a similar dose (c.g, 66-70 Gy delivered in 33-35 frac- 
tions of 2 Gy over 5.5-6 weeks). Prophylactic nodal radiotherapy is required 
up to an equivalent dose of 50 Gy delivered in fractions of 2 Gy; in case of a 
single positive lymph node of <3 em, the radiotherapy dose should be in- 
creased to 70 

For appropriately selected stage I tumors, brachytherapy remains an op- 


the need to combine it with 
vailability of alternative surgi- 


eal options with ve 

In the last decade, the approach of radiation therapy for head and neck 
cancer has altered and more precise doses can be delivered with decrease in 
complication rate, ‘These techniques include image-guided  intensity- 
modulated radiation therapy (IMRT), stereotactic body radiotherapy 
(SBRT), proton therapy 

When a surgical option is chosen as the primary treatment modality, ad- 
juvant radiation therapy may be required to reduce the risk of locoregional 
recurrence. Several risk factors for locoregional recurrence have been identi- 
fied: pT3-4 tumor: positive resection margin (tumor <1 mm from the mar- 
gin); close resection margin (between Imm and 5 mm), perineural infiltra- 
tion; lymphovascular spread; >1 invaded lymph node and the presence of 
extracapsular nodal infiltration. For patients with one or more of these risk 
factors, the use of postoperative radiotherapy up to a dose of 58 Gy (in cases 
with only one risk factor) or 63-64 Gy (in patients with several risk factors) 
has been validated, 

Primary combined concomitant chemoradiotherapy is the standard treat- 

ment in non-resectable patients and is also indicated in resectable patients 
When the anticipated functional outcome and/or the prognosis is so poor that 
mutilating surgery is not justified. For locally advanced disease, the use of 
concomitant chemoradiotherapy has produced greater locoregional control 
and improved overall survival compared with radiotherapy alone. This 
fit was observed irrespective of the tumor location in the oral cavity. The 
largest benefit was observed with cisplatin-based radiotherapy, and a total 
dose of 200 mg/m? cisplatin is recommended. Radiotherapy with concomi- 
tant cetuximab (EGFR inhibitor) has demonstrated improved locoregional 
control and survival compared with radiation therapy alone. 
Advantages of radiation therapy include the fact that normal anatomy and 
function of oral structures are maintained. Disadvantages mainly include the 
followings: adverse effects are common (see above); cure rate is not very 
high; subsequent salvage surgery is more difficult and hazardous, and ac- 
companied by reduced survival. 
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Early-stage (early-stage disease is defined as either T1-2N0) disease 
should be treated as much as possible with a single-modality treatment: 
gery or radiotherapy, In early-stage disease, transoral surgery (conservative 
surgery) is usually recommended as a single-modality treatment for COM 
and can provide satisfactory locoregional control. Minimally-invasive surgi- 
cal treatments, including transoral laser microsurgery and transoral robotic 
surgery, offer the potential for organ preservation with less functional mor- 
bidity than open surgery and often less long-term toxicity than radiotherapy. 
In other words, extent of resection with those approaches does not jeopard- 
ize the functional outcome (¢.g., speech and swallowing) and is unlikely to 
require postoperative radiotherapy. 

Surgery ean provide complete removal of the tumor and regional lymph 
nodes, Surgery can be performed as a front-line treatment modality or as a 
salvage procedure in cases of radiotherapy-resistant tumors. Surgical exei- 
sion should ensure a 2 cm margin of clinically normal tissue. For recon- 
struction, is used various flaps depending on the size of defect and removed 
tissue: local flap, pedicle flap. free flap and hard tissue. 

If even one lymph node clinically appears to be involved, a reasonable 
presumption suggest that others may also be involved and traditional radical 
neck dissection should be executed. Functional neck dissection (with 
preservation of jugular, sternomastoid, or accessory nerves, while ensuring 
complete removal of involved lymph nodes) currently is more popular. Ipsi- 
lateral selective neck dissection (bilateral in near-midline tumors) or sentinel 
node biopsy is recommended for cT1-2 disease that are treated with primary 
surgery. 

Standard options for locally advanced OCM (locally advanced disease is 
defined as stage III or IV carcinoma) are either surgery plus adjuvant 
(chemo)radiotherapy or primary chemoradiotherapy alone. Almost invaria- 
bly, surgically treated tumors will need postoperative (chemo)radiotherapy 
depending on the pathological report. Primary surgical treatment is recom: 
mended for T3-4 COM. Wide surgical excision followed by appropriate re- 
construction needs to be employed with a free vascularized soft tissue flap 
when the continuity of the mandible is intact and a bony flap if not. The ra- 
dial forearm and anterolateral thigh flaps and the fibula flap are the pre- 
ferred options, respectively. When the patient has a relatively small primary 
tumor but a large neck mass, the appropriate treatment must be decided by a 
multidisciplinary team. Primary surgery is an option in such cases. 

For patients with lymph node metastasis treated by radiotherapy or con- 
comitant chemoradiotherapy, the necessity to perform a systematic neck 
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ys been debated. 
in case of nega- 


LND before or after the locoregional treatment has alw: 
Data from randomized studies validate a surveillance poli 


tive '"FDG PET-CT and normal size lymph nodes at 12 weeks after chemo- 
radiotherapy, Systemic LND is recommended for patients with positive 
lymph nodes or equivocal '"FDG PET-CT results at 12 weeks after the 
completion of locoregional treatment. 


Chemotherapy and targeted therapy 


Chemotherapy for COM is mainly used in patients with advanced and 
metastatic disease. Chemotherapy can also be employed as an adjuvant or 
neoadjuvant therapies, alone or combined with radiotherapy. For this pur- 
pose, platinum-based regimens and taxanes (paclitaxel, docetaxel) are most 
commonly used. In selected cases, targeted therapy can also be employed. 

Patients with locoregional recurrence not amenable to surgery and/or ra- 
diation therapy as well as those with metastatic disease are eligible for sys- 
temic treatment. ‘The standard first-line therapy for recurrent and/or meta- 
static disease changed recently. A "chemotherapy-free” approach with pem- 
brolizumab (anti-PD-1 monoclonal antibody) monotherapy in patients with 
PD-LI expression should be considered, especially when a rapid tumor 
shrinkage is not needed. An option, independent of PD-L1 status, is the 
combination of pembrolizumab and chemotherapy (cisplatin or car- 
boplatin’S-FU), particularly in symptomatic patients or when a rapid tumor 
shrinkage is needed; this combination significantly improves overall surviv- 
al, The FDA (USA) recently approved pembrolizumab in combination with 
chemotherapy as first-line treatment regardless of PD-L1 expression and 
pembrolizumab alone for patients with PD-L1-expressing tumors 

In advanced, metastatic and recurrent COM, other targeted therapies can 
also be used: EGER inhibitors (cetuximab, panitumumab); mTOR inhibitors 
(deforolimus, sirolimus, temsirolimus); tyrosine kinase inhibitors of PDGF 
(imatinib); tyrosine kinase inhibitors of VEGF (sunitinib); multikinase in- 
hibitors of Raf (sorafenib). 


Like other malignant tumors, prognosis mainly depends on the tumor 
stage. Location of COM is also predictive of prognosis. Early-stage COM 
can be associated with 5-year survival rate reaching up to 85% (approxi- 
mately 30% of oral carcinoma cases are diagnosed at this stage), while stage 
I-IV disease is associated with worse prognosis (35-40% 5~ 
rate). 
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Cervical lymph node involvement is also known to be an indicator of 
poor prognosis. The rate of cervical lymph node involvement is 30% in T1- 
2 carcinoma cases, 60-80% in T3-T4 carcinomas. Carcinoma of the floor- 
of-the-mouth is associated with worse prognosis compared with other COM 


cases, 


PREVENTION 


Given the fact that more than 90% of COM cases are caused by environ- 
mental factors, more than 90% of cases of this carcinoma can be prevented 
by appropriate measures. Prevention of COM, like other diseases, is to re~ 
duce contact with carcinogenic agents and the impact of these factors. 

‘The following measures may reduce the risk of developing COM: 

* Giving up bad habits (tobacco and marijuana smoking, chewing mixtures 
that irritate the oral mucosa, regular alcohol consuming) and eliminating 
harmfill environmental factors: 

Avoiding casual kissing to avoid HPV infection; 

* Compliance with hygiene measures, sanitation of the oral cavity, ade- 
quate prosthetics: 

* Following a diet rich in beta-carotene. vitamin E and vitamin C: 

* Regular examination by a specialist for those who have precancerous 
diseases or genetic predisposition to develop COM: 

* Treating precancerous conditions and background diseases of the oral 
mucosa. 


Screening for carcinoma of the oral mucosa 


No screening is used for COM owing to visible location of the lesion, 
People with any lesion persisting more than 3 weeks are recommended to 
consult with the doctor for evaluation of the pathological condition. 


Follow-up for oral mucosal carcinoma survivors 


Follow-up of the patients treated for COM includes mainly physical ex- 
amination carried out every 2 months for the first year, every 4 months for 
the second year, every 6 months for the third year, and once a year thereaf- 
ter. For locally advanced disease, head and neck imaging is recommended 3 
months after the primary treatment to assess the patient status and to have a 
baseline post-treatment imaging assessment. '"FDG PET-CT is recommend- 
ed 3 months after chemoradiotherapy for patients with node-positive disease 
to assess the necessity of neck dissection. Otherwise, imaging should be car- 
ried out whenever clinically indicated. 
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EPIDEMIOLOGY AND STATISTICS 


Cancer of the salivary glands ranks 29th among all malignancies (exclud- 
ing cutaneous carcinoma). Cancer of the salivary glands (major salivary 
glands) accounts for approximately 5-6% of all malignant tumors of the 
head and neck. In 2020, 53.583 new cases of salivary glands cancer were 
registered worldwide, constituting 0.3% of all malignant tumors. More than 
90% of malignant tumors of the salivary glands are attributable to carcino- 
ma of the salivary glands. 

Carcinoma of the salivary glands (CSG) is seen slightly more frequently 
in men than in women. CSG is most often observed at age 50-70 years 
(mean age, 64 years). 

In 2020, there were 22.778 deaths from cancer of the salivary glands 
worldwide, accounting for 0.2% of all cases of cancer-related death. 


ETIOLOGIC FACTORS 
Environmental factors 


Owing to the fact that CSG is rare, little is known about the risk factors 
associated with this cancer. However, to a certain extent, the role of some 
factors in increasing the risk of this cancer is known. 

Exposure to radiation is associated with an increased risk of developing 
CSG. This occurs in people who have previously received radiotherapy to 
the head and neck for other malignant tumors, have been exposed to radio- 
active substances due to peculiarities of their occupation, or lived in an area 
contaminated with such substances after an accident at a nuclear power 
plant or an atomic bomb explosion. Receiving radiotherapy in childhood 
increases the risk of developing CSG by about 20 times. 

Studies have shown that EBV’ infection is associated with an increased 
risk of developing CSG. This virus is found in the tumor tissue in 70% of 
cases of this cancer in Asia, in about 45% of cases in America, in 12% of 
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cases in Europe. EBV is most commonly found in undifferentiated CSG. It 
should be noted that the role of this virus in cancer of the salivary glands in 
children has not been identified. 

People working in fields related to certain metals (rich with dust of nick- 
el, chromium impurities) or minerals (rich with dust of silicon, cement, as- 
bestos), woodworking, as well as in the rubber industry and in beauty salons 
have an increased risk of developing CSG. 

‘There is evidence that consuming processed meats regularly (sausage, 
frankfurters, ham, ete.) and /arge amounts of red meat is associated with an 
increased risk (by 20-30%) of developing CSG. 

Studies have found no association between smoking, smokeless tobacco 
use or regularly alcohol drinking and the risk of developing CSG, unlike 
other head and neck carcinomas. 


Precancerous lesions and diseases 
Not known, 


Hereditary disorders 
Brooke-Spiegler syndrome (see page 173) is also associated with an in- 

creased risk of developing tumors of the salivary glands (benign and malig- 

nant), especially those of the parotid glands along with cutaneous BCC. 


Conditions associating with an increased risk of carcinoma of the 
salivary glands 


History of EBV-related malignancies has been reported to be associated 
with an increased risk of developing CSG in adults. 

Individuals with a history of Hodgkin's lymphoma are about 4 times more 
likely to develop CSG. This association may be due to radiation therapy for 
Hodgkin lymphoma or infection with EBV, which is also a carcinogenic 
agent for development of Hodgkin's lymphoma. 

‘There is evidence that a high concentration of cholesterol in blood is as 
sociated with an increased risk of developing C: 

‘There is evidence that the risk of developing Cs 
with excess body weight 

As with some other malignant tumors, immunodeficiency is associated 
With an increased risk of developing CSG. 


3 is higher in people 


CARC 
‘The carcinogenesis of CSG is not fully understood. According to current 
theory, CSGs arise from one of the two undifferentiated stem cells: excreto- 
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ry stem cells (mucoepidermoid carcinoma and SCC arise from these cells) 
and intercalated stem cells (acinic cell carcinoma, adenocarcinoma, adenoid 
cystic carcinoma and carcinoma ex-pleomorphic adenoma arise from these 
cells). 

As in most solid malignancies, multiple tumor suppressor genes and pro- 
to-oncogenes can be implicated in the carcinogenesis of the CSG: 7P53, 
BCL2, MDM2, and RAS genes. In particular carcinomas, other genetic or 
epigenetic events can occur: the t(11;19\(q21:p13) chromosomal transloca- 
tion has been identified in about 70% of eases of mucoepidermoid carcino- 
ma; adenoid cystic carcinoma can demonstrate alterations in CTNNBI, AX- 
IN] or APC genes, which play role in tumorigenesis via Wnt signaling 
pathway. 


PATHOMORPHOLOGY 


Various histologic types (up to 20) of CSG can develop depending on 
etiologic factor, salivary gland and age of the patient. The most common 
histological types of major CSG are the followings: mucoepidermoid carci- 
noma (30-35%). squamous cell carcinoma (20-22%); acinic cell carcinoma 
(15-17%), adenocarcinoma (12-15%), adenoid cystic carcinoma (8-12%); 
carcinoma ex-pleomorphic adenoma (2-3%), salivary duct carcinoma (1- 
3%), Iymphoepithelial carcinoma (0.4-1%), ete. All these histologic types 
can also arise from minor salivary glands. but with different ratio. It should 
be noted that mucoepidermoid carcinoma can also develop in children, with 
being the most salivary gland malignancy in children. 

With respect to biological behavior, CSGs are divided into two catego- 
ries: low-grade tumors (low-grade mucoepidermoid carcinoma, acinic cell 
carcinoma), high-grade tumors (high-grade mucoepidermoid carcinoma, 
SCC, adenocarcinoma, adenoid cystic carcinoma, carcinoma ex- 
pleomorphic adenoma). 

Mucoepidermoid carcinoma of the salivary glands is most common in 
the parotid gland (the second most common in submandibular gland) and is 
divided into three grades: low-grade, intermediate-grade and high grade. 
is type of carcinoma consists of two types of malignant cells, as the name 
implies, mucous and epidermoid cells. The grade of mucoepidermoid ca 
noma is dependent on relative proportion of these two cells: the ratio of mu- 
cous cells is higher in low-grade tumor, and the ratio of epidermoid cells i 
higher in high-grade tumors. It should be noted that high-grade mucoepi- 
dermoid carcinoma may resemble SCC on pathologic examination, creating 
difficulties in distinguishing it from SCC (special immunohistochemical 
staining for mucus can help in differentiation making the rare mucous cells 
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apparent). Grossly, low-grade mucoepidermoid carcinomas are commonly 
small and partially encapsulated and may have cystic components, High- 
grade mucoepidermoid carcinomas are mostly larger and infiltrative, Low- 
grade mucoepidermoid carcinoma is not aggressive, but high-grade one is 
very aggressive with high rates of lymphatic metastasis. 

Acinic cell carcinoma is a low-grade neoplasm and up to 95% of this car- 
cinoma develop in the parotid gland. Grossly, acinic cell carcinoma is en- 
capsulated and hard in consistency. 

Squamous cell carcinoma (SCC) of the salivary glands should be differ 
entiated from high-grade mucoepidermoid carcinoma (see above) and re- 
gional metastasis of primary SCC of the skin, oral mucosa and upper respir- 
atory mucosa. 

Adenocarcinoma (more precisely, adenocarcinoma, NOS) of the salivary 
glands includes those carcinomas that cannot otherwise be classified. This 
carcinoma has an aggressive clinical behavior. 

Adenoid cystic carcinoma is the most common carcinoma in the subman- 
dibular gland. ‘This carcinoma appears as a slow-growing mass. Metastasis 
to the regional lymph nodes is infrequent, but distant metastasis. particularly 
to the lung, is frequent. On gross examination, adenoid cystic carcinoma is 
commonly monolobular and unencapsulated. 

Careinoma ex-pleomorphic adenoma arises from a preexisting pleo- 
morphic adenoma. Pleomorphic adenoma undergoes malignant transfor- 
mation rarely and the rate increases with long-term observation (sudden rap- 
id growth of slow-growing or stable mass is the clinical feature of ma- 
lignization), Grossly, the tumor is unencapsulated. Malignant component 
may appear as adenocarcinoma, SCC, or undifferentiated carcinoma. This 
carcinoma is aggressive and associated with high rates of lymphatic and dis- 
‘tant metastasis, 


‘Most (about 80%) of major salivary gland tumors are benign. The ratio of benign to ma- 

lignant tumors is different for each salivary gland. The general rule is thatthe smaller the 
salivary gland, the more likely to be malignant. In other words, 208% of tumors of the pa- 
rotid, 40% of the submandibular, 90% of the sublingual salivary glands are malignant. 
Benign neoplasms occur more frequently in women compared with men, but malignant 
tumors are detected equally between the sexes. 

Due to the fact that CSG comprises a histologically heterogenous group 
of malignancies with variable biological behavior, metastasis rates and pat- 
tems are different for each type of carcinoma. In other words, all types of 
CSG progress in different ways. 
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CSG has a tendency to metastasize to regional lymph nodes. Cervical 
lymph node involvement ranges from 30% to 65% depending on T stage of 
the disease. 

‘The rates of distant metastasis range from 20% to 40%. Distant metasta- 
ses most commonly develop in the lungs followed by bones. 


Staging of carcinoma of the salivary glands 


'SG is detailed on page 670. 


TNM staging of 


CLINICAL PRESENTATION 


Symptoms and signs of CSG depend on the affected gland and histologic 
type of carcinoma. Most salivary gland tumors (benign or malignant) mani- 
fest as a painless mass at the site of the corresponding major salivary gland, 
due to which facial asymmetry occurs. Painless masses on the palate and 
floor of the mouth are the most common sings of minor salivary gland neo- 
plasm. ‘The patients can also complain of numbness and persistent pain in 
the face (due to compression of the nerve branches innervating facial struc- 
tures). Sometimes the patients can also experience difficulty in opening the 
mouth and swallowing (due to weakness of the facial muscles). Facial pa- 
ralysis (loss of motor function) and causalgia associated with major salivary 
gland mass is indicative of malignancy (due to infiltration into the nerve). 


DIAGNOSTICS 


Clinical examination (history taking, inspection, observation, palpation) 
can provide valuable information for diagnosis and should be carried out in 
the context of thorough general head and neck examination, History taking 
should focus on growth rate of the mass, changes in its size with meals, fa- 
cial weakness and pain. A thorough general history helps to exclude possi- 
ble inflammatory or infectious etiology of the mass. On inspection and ob- 
servation, the physician should pay an attention to asymmetry of the face, 
signs of facial paral in opening the mouth, etc. (Figure 10.1 
A), During inspection, attention should also be paid to surrounding skin and 
mucosa, which drain to parotid and submandibular lymph nodes. So lym- 
phatic metastasis from those sites may manifest as a salivary gland masses. 
On palpation, the size, mobility, and the extent of the mass, as well as its 
fixation to surrounding anatomical structures are assessed. Bimanual palpa- 
tion of the mass more precisely assesses the extent of the mass and its fixa- 
tion to adjacent structures. Cervical lymph node basin should also be palpat- 
ed to assess for lymphatic metastasis from a tumor of the salivary gland, 
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Figure 10.1, Hybrid carcinoma (epithelial-myoepithelil carcinoma, adenoid eystic carci- 
‘noma, basal cell adenocarcinoma) of the parotid gland in a S1-year-old male patient: A — 
semilateral view of the patient, B ~ axial CT scan of the upper neck with intravenous con- 
trast showing a huge mass. Sabo A, Bawab I, Khalifeh I. Alam E. Hybrid tumor of the 
parotid gland: a ease report and review of the literature Case Rep Otolaryngol, 2015; 
Article ID 192453. Available under the CC BY 4.0 license. 

US can delineate location, size, shape, homogeneity or heterogeneity, 
vascularity, margins of the tumors of salivary glands in periauricular, buccal 
and submandibular areas. 

CT scan or MRI is useful for determining the extent of large tumors, for 
assessing extraglandular extension, for evaluation of contralateral gland 
(Figure 10.1 B). These studies are also helpful in distinguishing saliv; 
gland tumors from the neoplasms of surrounding structures, No differences 
exist between the sensitivities and specificities of CT scan and MRI in these 
regards. 

"SEDG PET-CT scan can be used for detecting lymph node metastases 
that require a neck dissection or for finding distant metastases not caused 
abnormalities in routine diagnostic tests, 

US-guided fine-needle aspiration biopsy (FNAB) is a valuable diagnostic 
procedure in evaluating and distinguishing head and neck masses. Sens 
ty and specificity of FNAB in distinguishing malignant tumors of salivary 
glands from benign ones is 94-95% and 97-98%, respectively. ‘This pro 
dure is especially informative in submandibular gland tumors with its less 
clear value in parotid masses. 

Once CSG is diagnosed, pretreatment (preanesthesia) evaluation includes 
complete blood count, comprehensive metabolic panel, chest radiography, 
and ECG. 
stopathologic examination o 


uurgical specimen (resectate) determines 
the histological type of carcinoma, its degree of differentiation, T-stage and 
assess the removed lymph nodes, which are important for final pathologic 
staging and planning further treatment. 
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‘TREATMENT 
Surgical management 


Surgical excision is the primary treatment for all CSGs, The extent of the 
surgery depends on the size of the tumor, local extension and involvement 
of the cervical lymph nodes. The facial nerve is spared unless it is involved. 

Given the fact that histopathologic diagnosis of parotid masses is often 
unknown prior to surgery, the minimum procedure that should be fulfilled 
for parotid tumors is a superficial parotidectomy with sparing facial nerve. 
Neither incisional biopsy nor enucleation should never be carried out for 
parotid neoplasm. ‘The specimen removed by superficial parotidectomy 
should be histopathologically examined by frozen sections to determine its 
character, whether it is benign or malignant. Malignant diagnosis requires 
distinct consideration. 

Depending on the histological type and clinical stage of the parotid carci- 
noma, more useful approach is applied. For T1-T2 low-grade carcinomas 
(low-grade mucoepidermoid carcinoma, acinic cell carcinoma), superficial 
or total parotidectomy with an adequate margin of normal tissue with spar- 
ing facial nerve is recommended. Suspicious first-echelon lymph nodes 
should be sent for pathologic examination. These cases do not require adju- 
vant radiotherapy 

For T1-T2 high-grade carcinomas (high-grade mucoepidermoid carcino- 
ma, adenoid cystic carcinoma, SCC, adenocarcinoma, carcinoma ex- 
pleomorphic adenoma), total parotidectomy with removal of first-echelon 
lymph nodes is recommended. In cases of positive upper lymph nodes con- 
firmed on frozen sections or clinically palpable cervical lymph nodes, modi- 
fied radical neck dissection or selective neck dissection should be per- 
formed. Facial nerve is preserved unless is directly infiltrated by tumor. In 
case of resection of the facial nerve because of infiltration by tumor, it is 
immediately reconstructed by cable grafting, Administration of adjuvant 
radiation therapy is recommended for these cas: 

For T3, N-positive carcinomas, radical parotidectomy with resection of 
the facial nerve (in order to obtain adequate tumor-free margin) is recom- 
mended. Frozen sectioning of the facial nerve stump is carried out; in cases 
of positive results, it is resected further until tumor-free margin is provided. 
Immediate reconstruction of facial nerve with a cable graft is performed. 
Neck dissection is carried out in cases of positive lymph nodes. Adjuvant 
radiation therapy is administered for these cases. 

For T4 carcinomas, radical parotidectomy with resection of the involved 
anatomical structures (mandible, mastoid tip, skin ete.) should be performed 
in order to provide tumor-free margins. Complex reconstruction of resected 
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anatomical structures is usually required to maximize functional restoration, 
Neck dissection is performed in cases of positive lymph nodes, Adjuvant 
radiation therapy is administered for these cases. 

It should be noted that the data from studies are conflicting on whether 
resection of the facial nerve improves survival of patients with parotid car- 
cinoma. The morbidity of a facial nerve palsy must be carefully weighed 
against benefits regarding the positive oncologic results. 

For submandibular salivary carcinomas, the similar approach as for pa- 
rotid carcinomas may be applied. For small, low-grade carcinomas, sub- 
mandibular triangle excision is adequate without resection of cranial nerves. 

For small, high-grade carcinomas, wider resection of submandibular 
structures is recommended for tumor-free margins. Nerves are resected only 
in case of direct invasion. Neck lymph node dissection is executed in clini- 
cally positive cases. Adjuvant radiation therapy is recommended. 

For T3, N-positive carcinomas, the lingual and hypoglossal nerves are re- 
sected in order to obtain adequate tumor-free margin. Modified radical neck 
dissection or selective neck dissection should be performed for these cases, 
Postoperative radiotherapy is administered. 

For T4 carcinomas, more extended resection is performed, including the 
mandible, the floor of the mouth. the tongue, the cranial nerves, ete. with 
appropriate reconstruction. Neck dissection and adjuvant radiation therapy 
are required for these cases. 

Surgery (selective metastasectomy) can also be performed for slow- 
growing distant metastasis from primary CSG. 


Chemotherapy 


CSGs respond poorly to chemotherapy, and hence, chemotherapy is 
mainly used for palliation. Currently, there is no effective chemotherapy 
regimens for CSGs. Doxorubicin- and platinum-based regimens are most 
commonly used combinations. Derivatives of fluoropyrimidines (capecita- 
bine, carmofur) have demonstrated to be efficacious against CSGs and to 
potentiate the effect of radiotherapy. Taxanes (docetaxel, paclitaxel) with 
cisplatin are also found to be effective in CSGs. Combination of the last reg- 
imens with radiation therapy demonstrates promise in advanced CSGs. 

Effects of the targeted therapy in carcinomas of the salivary glands are 
currently investigated. 


Radiation therapy 


Radiation therapy is rarely used as a definitive treatment modality for 
CSGs and is mainly recommended for unresectable cases. Adjuvant radio- 
therapy has shown to increase S-year survival rate in patients with T1-T2 
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disease, Currently, adjuvant radiation therapy is especially recommended for 
high-grade carcinomas. 

‘New techniques of radiation therapy (gamma-knife stereotactic radiosur- 
gery, brachytherapy) are effective in CSGs. Brachytherapy is performed us- 
ing radioactive seeds placed near or in the tumor itself; it delivers high radi 
ation dose to the tumor while reducing the radiation exposure in the sur- 
rounding healthy tissues 

According to data from recent studies, neutron-based radiation therapy 
has demonstrated to be more effective in providing local control compared 
with photon-based radiation therapy for the treatment of gross disease. 


PROGNOSIS: 


Like other malignant tumors, prognosis of CSGs primarily depends on 
tumor stage. Histological types and perineural invasion also impact on long- 
term outcome. 

‘The reported 5-year survival rates for patients with CSGs is 85-97% for 
stage I disease: 65-80% for stage I disease: 53-35% for stage III disease: 
15-30% for stage IV disease. 

Low-grade tumors are characterized by 10-year survival rate of 80-95%, 
while the mentioned survival rate for high-grade tumors ranges from 25% to 
50%. 


PREVENTION 


‘Due to the fact that the incidence of CSGs is very low, so little is known. 
about risk factors, and therefore measures for the prevention of this tumor 
have not been developed. 

However, it is believed that fruits and vegetables that are rich in carote- 
noids and vitamins with antioxidant properties (vitamins A and C) and a diet 
low in cholesterol may reduce the risk of developing CSGs. 


Screening for carcinoma of the salivary glands 

No guideline recommends screening for CSGs in asymptomatic adults 
owing to low incidence of this malignancy. 

Follow-up for salivary glands carcinoma survivors 


Follow-up of the patients treated for CSGs includes physical examination 
and medical tests carried out every 3 months for the first 2 years, every 6 
months for the years 3-5, and once a year thereafter. 
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EPIDEMIOLOGY AND STATISTICS 


Laryngeal cancer ranks 21st among all malignant neoplasms worldwide 
(excluding skin carcinoma) according to GLOBOCAN, 2020. In 2020, 
184.615 new cases of laryngeal cancer were registered globally (in 2012, 
about 157.000), accounting for 1.0% of all malignant tumors (1.1% in men, 
0.3% in women), About 98% of all laryngeal cancer cases are attributable to 
laryngeal eareinoma. 

Laryngeal carcinoma is 4 times more frequently seen in men compared to 
women. One out of 175 men or 800 women are at risk for developing laryn- 
geal carcinoma during their lifetime. Most cases of laryngeal carcinoma are 
observed in the fifth to seventh decades (mean age, 60 years). Less than 1% 
of laryngeal carcinoma cases are found before age 30 years. 

‘The highest incidence of laryngeal carcinoma is observed in India, Tur- 
key, Spain, Brazil, Italy and France; the lowest is seen in Japan, Sweden and 
Norway, The incidence rate is higher in urban population compared with 
rural people, The risk is higher for people who live in poor areas. 

The incidence of laryngeal carcinoma has gradually declined during the 
past three decades (by about 1% per year) in the developed countries. 

Laryngeal carcinoma ranks 19th among all the causes of cancer-related 
death globally, In 2020, 99.840 cases of death from laryngeal cancer were 
registered globally (in 2012, about 83.400), accounting for 1% of all cases 
of cancer-related death, In the recent decades, there has been a significant 
decline (by 40% in men, 20% in women) in mortality from laryngeal earci- 
noma, 


ETIOLOGIC FACTORS 


Environmental factors 


Smoking is considered one of the causes of laryngeal carcinoma. Approx- 
imately 80% of laryngeal carcinoma cases are associated with smoking. 
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Smokers are 8 to 9 times more likely to develop laryngeal carcinoma com- 
pared to non-smokers. The risk depends directly on the number of cigarettes 
smoked per day and on duration of smoking. The risk is especially high in 
smokers who drink alcohol regularly (an estimated 90% of the overall mor- 
tality from laryngeal carcinoma are related to tobacco smoking and alcohol 
abuse). Laryngeal carcinoma associated with smoking is most commonly 
seen above the vocal cords. It should be noted that after quitting smoking, 
the risk decreases over time: by 30% after 1-4 years following smoking ces- 
sation; by 65% after 11-19 years. However, 20 years after quitting smoking, 
the risk of laryngeal carcinoma remains high compared to those who have 
never smoked. Exposure to environmental tobacco smoke (passive smoking) 
can also increase the risk of developing laryngeal carcinoma, According to 
data, the use of smokeless tobacco products (naswar, betel, snuff) does not 
increase the risk of developing laryngeal carcinoma. 

‘The tarry matter of marijuana smoke has the same carcinogenic sub- 
stances that are contained in the tar of a cigarette smoke, but even more 
harmful due to the peculiarity of smoking marijuana, since when smoking 
marijuana, a larger volume of smoke is drawn in, which lingers inside long- 
er, For this reason, smoking marijuana may increase the risk of laryngeal 
carcinoma in the same way as smoking tobacco. 

‘Marijuana (Cannabis sativa) smoke bas been reported to contain a 2-fold higher con- 
centration of PAHs compared to cigarette smoke, which contains strong carcinogens. 
‘Along with this, marijuana is less densely packed than cigarette tobacco and does not 
have a filter, unlike cigarettes that lead to more intense exposure to carcinogens in the 
‘marijuana smoke, According to data, marijuana smokers are more susceptible to HPV 
infection, which is one of the main causes of SCC of the head and neck, There is evidence 
thit people who smoke marijuana, HPV-positive carcinomas of the head and neck are 
observed 4 times more often compared to those who do not use marijuana. There is also 
evidence that tetrahydrocannabinol, the euphoric ingredient in marijuana, activates the 
p38 MAPK signaling pathway, which prevents apoptosis, thereby, leading to uncontrolled 
cell division 

Drinking alcohol regularly (alcohol abuse) is one of the causes of laryn- 
geal carcinoma. Approximately 25% (27% in men, 12% in women) of cases 

f lary iated with alcohol abuse. ‘The risk of laryn- 
geal carcinoma is 2.5 times higher in those who drink 6 units (1 unit corre- 
sponds to 10 g of pure alcohol), 50% higher in those who drink 1.5-6 units 
of alcohol per day. Drinking 1.5 units of alcohol per day does not increase 
the risk of developing laryngeal carcinoma. The risk of laryngeal carcinoma 
in former drinkers decreases by 2% every year without alcohol consump- 
tion. Thus, 20 years after stopping drinking, the risk becomes equal to that 
of people who have never drunk alcohol. Alcohol-related laryngeal carci- 
noma is most commonly seen above the vocal cords. It should be noted that, 
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When smoking is combined with alcohol intake, the final effect is not the 
sum of the effects of these factors, but is characterized by the multifold ef- 
fect of these factor 

Exhaust gases from the combustion of diesel and gasoline, which include 
also PAHs, are chemical carcinogens for the development of laryngeal car- 
cinoma. Chronic exposure to these substances increases the risk of develop- 
ing laryngeal carcinoma by 50-60%, Exposure to mist (smoke and fumes) of 
strong inorganic acids, N-nitrosamines, phthalates, and PAHs (in the envi 
ronment of rubber industry) is a significant risk factor for laryngeal car 
noma, Exposure to mustard gas can also increase the risk of this cancer. 

Data on the role of asbestos dust exposure in the development of laryn- 
geal carcinoma are conflicting. There is evidence that asbestosis is associat- 
ed with a 40% increased risk of developing laryngeal carcinoma, 

HPV 16 infection is considered one of the causes of laryngeal carcinoma, 
Approximately 11% of laryngeal carcinoma cases are associated with HPV 
infection. People infected with HPV have a 5-6-fold increased risk of devel- 
oping laryngeal carcinoma, 

‘The risk of laryngeal carcinoma is 2 times higher in individuals infected 
with H. pylori. In people with GERD, these microorganisms (in infected 
persons) can be released into the upper aerodigestive tract: into the naso- 
pharynx and oral cavity, including the larynx, as a result of which chronic 
laryngitis may develop. Chronic laryngitis caused by gastroesophageal re- 
flux and #7. pylori may increase the risk of developing laryngeal carcinoma, 

Unbalanced diet with a lack of vegetables and fruits in the diet is also as- 
sociated with an increased risk of developing laryngeal carcinoma. Accord- 
ing to data, the risk of developing laryngeal carcinoma is 30-40% higher in 
people who regularly consume processed meat. The risk is not associated 
with consumption of unprocessed red or white meat. 

It should be noted that approximately 95% of cases of laryngeal carcino- 
ma are associated with lifestyle and environmental factors, and these cases 
can be prevented by applying effective preventive measures. 


Precancerous lesions and diseases 


Recurrent respiratory papillomatosis is caused by HPV (mainly, by 
HPV6 and HPV 11). Warty growth in this pathological condition sometimes. 
causes airway obstruction and voice changes. Recurrent respiratory papil- 
lomatosis is characterized by a bimodal age distribution: most often in chil- 
dren aged 5 years on average (juvenile type. up to 12 years old) and in indi- 
viduals aged four decades (adult type, after 12 years old). Recurrent respira- 
tory papillomatosis of the larynx in 3-5% of cases progresses to laryngeal 
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SCC. In juvenile type recurrent res- 
piratory papillomatosis, the trachea, 
bronchi and lungs can be involved, 
which is very rarely observed in the 
adult type (Figure 11.1). The risk of 
malignization is 15-16 times higher 
in individuals who have previously 
received radiotherapy for recurrent 
respiratory papillomatosis. It should 
be noted that SCC in those cases has 
arather unfavorable prognosis. 
Recurrent respiratory papillomatosis oc- 
curs throughout the respiratory tract from 
the nasal cavity to the lungs with larynx 
most often affected This lesion is the 
‘most common neoplasm of the larynx in 
children and the main cause of hoarseness 
in childhood. The prevalence of this con- 
dition is 1-4 cases per 100,000 children, 
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Figure 11.1. Recurrent respiratory papillo- 
‘matosis of the larynx in a 27-year-old man, 
HPV16 was found in the tumor tissue, Lu S, 
Liu Y, Shi R, Zhou P. Successful treatment 
of adult-onset recurrent respiratory papillo- 
matosis with CO2 laser and photodynamic 
therapy. Case Rep Otolaryngol, 2019; Arti 
cle ID 7394879, Available under the CC BY 
4 Ollicense. 


Leukoplakia is a lesion of the mucous membrane with a focal keratiniza- 


tion of the stratified squamous epithelium (see page 237). Leukoplakia 


a 


non-specific clinical notion and has no specific pathological equivalent. De- 
spite the fact that “leukoplakia” is mainly used to describe the correspond- 
ing clinical condition of the oropharynx and larynx (Figure 11.2), it is some- 
times used for gastrointestinal and genitourinary pathological condi- 


tions, Pathologically, this condition 
is described as squamous cell hy- 
perplasia, keratosis, hyperkeratosis, 
or dysplasia, which often creates 
confusion. Leukoplakia of the vocal 
cords (leukoplakia of the larynx is 
mainly observed on the vocal cords) 
occurs against the background of 
chronic irritation (mainly smoking, 
regular alcohol intake, gastroesoph- 
ageal reflux) of the laryngeal muco- 
sa and is a kind of protective reac~ 
tion of the body. In other words, it is 
a local response (hyperplasia, hy- 
perkeratosis) to chronic stimuli 
Leukoplakia of the vocal cords is 
most often seen in smokers, The 


Figure 11.2, Leukoplakia of the right vocal 
cord Klimza H, Jackowska J, Tokarski M et 


al. Narrow-band imaging (NBD) for improv- 
ing the assessment of yocal fold leukoplakia 
and overcoming the umbrella effect, PLoS 
‘ONE, 2017, 12; 0180890, Available under 
the CC BY 4.0 license 
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mean age of patients with laryngeal leukoplakia is approximately 50 years, 
which is nearly 10 years younger than patients with laryngeal carcinoma, 
Leukoplakia is a dyskeratosis, which is a keratinization disorder that con- 
tributes to the development of laryngeal carcinoma: and hence, it is a pre~ 
cancerous condition, The color of the keratin of the keratinized epithelium 
determines the white or grayish color of the foci of leukoplakia, which can 
be verrucous and smooth. In about 10% of cases, laryngeal leukoplakia pro- 
gresses to carcinoma. 

Approximately 15% of individuals with /aryngeal dysplasia develop lar- 
yngeal carcinoma 6 years after the diagnosis of dysplasia, Laryngeal dyspla- 
sia may develop against the background of recurrent respiratory papilloma- 
tosis, leukoplakia, or chronic laryngitis. 


Hereditary disorders 


Li-Fraumeni syndrome (see page 280) is also associated with an in- 
creased risk of developing laryngeal carcinoma in addition to various epithe- 
lial, mesenchymal and other malignancies. 


Conditions associating with an increased risk of laryngeal carcinoma 

The risk of laryngeal carcinoma is approximately 6 times higher in indi- 
viduals with a history of head and neck carcinoma. This is due to common 
carcinogenic factors: smoking, HIV infection and alcohol abuse. The risk of 
laryngeal carcinoma is higher in individuals with a history of lung, esopha- 
geal, or bladder carcinoma, which is explained by common carcinogenic 
factors, especially smoking, which is characteristically associated with these 
‘malignancies 

History of laryngeal carcinoma in first-degree relatives is associated 
with a 2-fold increased risk of developing this carcinoma: this is most likely 
due to a common or similar lifestyle. 

In individuals who have undergone organ transplantation, the risk of de- 
veloping laryngeal carcinoma is 1.6-2.2 times higher. It is hypothesized that 
this may be due to the fact that organ transplant recipients have a higher in- 
cidence of HPV owing to the use of immunosuppressive drugs. 

Individuals infected with HIV have a $0-170% higher risk of laryngeal 
carcinoma. This V have a higher inci- 
dence of HPV infection. In addition, there are more smokers among people 
infected with this virus. 

According to data, a history of GERD is associated with a 2.5-fold in- 
creased risk of developing laryngeal carcinoma. 
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CARCINOGENESIS 

Most of the laryngeal carcinoma eases are caused as a result of acquired 
‘mutations in certain genes, Acquired alterations in the CDKN2A gene seems 
to be important in laryngeal carcinogenesis. Laryngeal carcinoma associated 
with HPV infection may harbor alterations in expression of 7P53 and RB 
genes as a result of the effect of E6 and E7 proteins of HPV. 

Inherited mutations in tumor Suppressor genes rarely cause laryngeal car- 
cinoma. But some people may inherit a poor ability to detoxify certain types 
of chemical substances, which cause this carcinoma, due to polymorphism 
or alterations in genes responsible for these processes (see page 245), 


PATHOMORPHOLOGY 


In more than one third of the cases, laryngeal carcinoma is located in the 
supraglottis (supraglottic larynx), in more than half of the cases in the glottis 
(glottic larynx), rarely (<5%) in the subglottis (subglottic larynx) 

Nonmally, the epitelium of the laryngeal mucosa is stratified squamous 
epithelium; hence, more than 95% of laryngeal carcinoma is standard squa- 
‘mous cell carcinoma (SCC). Uncommonly, laryngeal carcinoma can be seen 
in rare subtypes of SCC or in other histologic types: verrucous carcinoma, 
papillary squamous cell carcinoma, basaloid-squamous cell carcinoma, 
Iymphoepitheliomatous carcinoma, spindle cell carcinoma, adenocarcino- 
ma, neuroendocrine carcinoma. 

The rate and distribution of regional (cervical) lymph node metastasis 
from laryngeal carcinoma is dependent on the site of origin and T stage of 
the disease, Regional lymph node metastasis is found in 25% of the patients 
at initial presentation. The true vocal cords are almost devoid of lymphatics; 
hence, carcinomas of this site rarely spread to regional lymph nodes. In con- 
trast to that, supraglottis has a rich and bilateral interconnected lymphatic 
network; hence, supraglottic carcinoma has the highest prevalence of re- 
gional lymphatic metastasis, Supraglottic carcinomas mostly metastasize to 
upper and midjugular lymph nodes. Carcinomas of this site uncommonly 
may also spread to submental and submandibular lymph nodes, and rarely to 
retropharyngeal lymph nodes. Contralateral lymphatic spread is common in 
cases of supraglottic carcinoma. Glottic carcinomas may metastasize to 
prelaryngeal, paralaryngeal, paratracheal, as well as to upper, mid-, and 
lower jugular nodes. It should be noted that locally advanced laryngeal car- 
cinoma has especially great propensity to metastasize to regional lymph 
nodes, Mediastinal lymph node metastasis is considered distant metastasis. 

Distant metastasis from laryngeal carcinoma is observed in 10-15% of 
the patients at initial diagnosis and is common only in the cases of bulky 
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regional lymphatic metastasis. Distant metastases are mostly found in the 
lungs. Spread to the bone and liver is seen less often. 


Staging of laryngeal carcinoma 
‘TNM staging of laryngeal carcinoma is detailed on page 671. 


CLINICAL PRE! 


TATION 


Clinical presentation of laryngeal carcinoma differs depending on the in- 
volved part of the larynx and stage of the tumor. Supraglottic carcinoma is 
‘often manifested with dysphagia; other common symptoms include airway 
obstruction, otalgia, and “hot potato voice". Hoarseness (dysphonia) is a late 
symptom for supraglottic carcinoma. Patients with glottic carcinoma is 
commonly present with hoarseness. Subglottic carcinoma is commonly pre- 
sented with the symptoms and signs of airway obstruction: dyspnea, wheez~ 
ing, whistling ete. Hoarseness is a late symptom for subglottic carcinoma, as 
well. Symptoms and signs of laryngeal carcinoma may also include a neck 
‘mass indicative of bulky cervical lymph node metastasis. Blood-tinged spu- 
tum and expectoration of tissue (due to tumor destruction) are also among 
the symptoms of laryngeal carcinoma. Patients with laryngeal carcinoma 
may also complain of general symptoms characteristic of other malignan- 
weight loss, fatigue, cachexia, which mainly accompany advanced 
stage of the disease. 


DIAGNOSTICS 


Clinical examination (history taking. inspection, observation, palpation, 
auscultation) can provide valuable information in patients with laryngeal 
carcinoma. On clinical examination, dysphonia, difficulty in breathing, 
Wheezing, whistling (due to airway obstruction), malnutrition, hypersaliva- 
tion (due to dysphagia) may draw physician's attention, Thorough examina- 
tion of the head and neck should be performed, which should include also 
inspection and palpation of the oral cavity and oropharynx to rule out s 
ond primary tumor, as second primary tumor may be detected frequently in 
patients with upper aerodigestive carcinomas. Careful palpation of the neck 
is very important to detect clinically enlarged lymph nodes suspicious of 
metastasis, 

In all patients with the symptoms and signs of laryngeal carcinoma, lar- 
yngoscopy should be executed. Flexible laryngoscopy provides visual as- 
sessing the laryngeal mucosa and taking biopsy samples in cases of lesion 
on it, Laryngoscopy can also evaluate the extension of the tumor, which is 
crucial for clinical tumor staging (Figure 11.3 A). 
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Figure 11.3. Carcinoma of the right vocal cord in a Gi-year-old man who had worked in 
the asbestos-related field for 38 years: A — laryngoscopic appearance of the lesion; B — 
CT scan shows that the lesion had invaded the anterior commissure of the larynx, but was 
limited to the right vocal cord with no invasion around the glottis (arrow), Roh 8, Park S, 
‘Tae G, Song J. A case of laryngeal cancer induced by exposure to asbestos in a construc- 
tion site supervisor. dn Occup Envir Med, 2016; 28: 34-39. Available under the CC BY 
4.0 license. 


After confirmation of carcinoma, imaging studies are used for assessing 
the local extension of the primary tumor and staging. Contrast-enhanced CT 
‘scan or MRI can assess the extension of the tumor into the adjacent anatom- 
ical structures and involvement of the regional lymph nodes (Figure 11.3 B). 
It should be noted that CT scan and MRI have the same diagnostic value in 
the radiologic evaluation of the neck. Chest CT scan can also detect lung 
metastasis, which can also be evaluated by chest X-ray examination. 

'SEDG PET-CT is very sensitive imaging study to detect metastasis or 
second primary tumor. It should be taken into consideration, however, that 
tumor FDG uptake may vary with histological types, and some normal tis- 
sues (¢.g,, active muscle tissue, tonsillar tissue) may demonstrate FDG avid- 
Moreover, PET cannot detect very small (less than $ mm) tumors. 

Fine needle aspiration biopsy (FNAB) from a neck mass may be useful to 
diagnose or exclude metastasis in cervical lymph nodes from laryngeal car- 
cinoma, which is important for staging. 

Once laryngeal carcinoma is diagnosed, pretreatment (preanesthesia) 
evaluation includes complete blood count, comprehensive metabolic panel, 
and ECG. In patients who is suitable candidate for radical-intent surgery, 
pulmonary function tests are also nec because such surgical proce- 
dures affect airway function 

Histopathologic examination of surgical specimen (resectate) determines 
the histological type of carcinoma, its degree of differentiation, T-stage and 
assess the removed lymph nodes, which are important for final pathologic 
staging and planning further treatment. 
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TREATMENT 


Like other malignancies, treatment of laryngeal carcinoma depends on 
the stage of the disease, Tumor location (supraglottic, glottic or subglottic) 
is also taken into consideration when selecting the treatment approach, Pa- 
tient’s comorbidities are also among the factors influencing on choice of 
treatment options: patients with compromised heart failure and renal disease 
may not be candidates for chemotherapy. and patients with severe lung dis- 
ease are not good candidates for larynx-sparing surgery. 


Radiation therapy and chemotherapy 


Barly-stage laryngeal carcinoma (carcinoma in situ, stages T and I) are 
treated with either radiation therapy or surgery (endoscopic or open) with 
intent to preserve laryngeal function. Certain cases of early-stage (T1-2N0) 
carcinoma may require more extensive surgery, open partial laryngectomy 
with an intent to provide better oncologic outcome, despite worse voice re- 
sults, 

Early-stage disease can be treated with radiotherapy alone without any 
use of concomitant or induction chemotherapy. For stage I disease, a stand- 
ard fractionation regimen with a primary tumor dose ranging from 66 to 70 
Gy depending on the tumor volume and location, is recommended. For stage 
II disease, a slightly more intense radiotherapy delivery is recommended 
with either hyperfractionation with slightly higher total dose (e.g.. 80.5 Gy 
delivered in 70 fractions of 1.15 Gy twice daily over 7 weeks) or moderately 
accelerated RT with a similar dose (¢.g., 66-70 Gy delivered in 33-35 frac- 
tions of 2 Gy over 5.5-6 weeks). Except for TI glottic carcinoma, prophy- 
lactic nodal radiotherapy is required up to an equivalent dose of 50 Gy de- 
livered in fractions of 2 Gy; in case of a single positive lymph node of <3.0 
em, the radiotherapy dose should be increased to 70 Gy. 

Historically, advanced-stage laryngeal carcinomas (advanced disease is 
defined as either stage III or IV disease) were treated with total laryngecto- 
my and adjuvant chemoradiation therapy. In the past two decades the treat- 
ment strategy for advanced-stage laryngeal carcinoma changed significant! 
and remarkable progress has been made. Despite the fact that some ca 
(extensive and aggressive carcinoma cases) still may require total larengs 
tomy, laryngeal preservation strategies, using (chemo)radiotherapy options 
have now become the standard for these stages of the disease. For locally 
advanced disease, the use of concomitant chemoradiotherapy can result bet- 
ter locoregional control and improved overall survival compared with radio- 
therapy alone. 


270 


Bayramov RB ‘Textbook of Oncology 


Currently, the guidelines of some international organizations recommend 
concurrent radiation therapy and cisplatin (100 mg/m? on days 1, 22, and 
43) for locally advanced laryngeal carcinoma in order to achieve preserva- 
tion of the larynx. In patients medically unfit to receive chemotherapy, radi- 
ation therapy alone can be considered, Nevertheless, total laryngectomy is 
still frequently required in cases of locally advanced laryngeal carcinoma (in 
patients medically unfit for chemoradiation therapy, in cases of chemoradio- 
therapy treatment failure). 

‘The other approach for larynx preservation in patients with advanced- 
stage disease is induction chemotherapy (three courses) followed by radio- 
therapy. The rate of larynx preservation is higher with concomitant chemo- 
radiotherapy, but survival is similar to induction chemotherapy followed by 
radiotherapy. 

High rate of early and late toxicities associated with concurrent chemora- 
diation therapy led to using targeted therapy with cetuximab (EGER inhibi 
tor), Which is currently used in many protocols for preservation of the lar- 
ynx. Radiotherapy with concomitant cetuximab has demonstrated improved 
locoregional control, progression-free survival and overall survival com- 
pared with radiotherapy alone. 

When a surgical option is preferred as the primary treatment modality, 
adjuvant radiotherapy may be required to reduce the risk of locoregional 
recurrence. Several risk factors for locoregional recurrence have been identi- 
fied such as pT3-4, positive margin, perineural infiltration, lymphovascular 
spread, >1 involved lymph nodes and the presence of extracapsular nodal 
infiltration. Prospective studies have validated adjuvant radiotherapy up to a 
dose of 58 Gy in patients with one risk factor, or 63-64 Gy in patients with 
several risk factors, 

Patients with local or locoregional recurrence should be referred to a ref’ 
erence tertiary center where they will be discussed within a multidiscipli- 
nary team to consider the possibility of a curative treatment strategy. ¢.g., 
salvage surgery or reirradiation in very selected cases, Patients with a good 
performance status and an early-stage laryngeal recurrence occurring more 
can be offered salvage surgery with a 


than 2 years after primary treatmer 
satisfactory oncological outcome. Conversely, patients with a poor perfor- 


mance status will likely be offered a palliative local or systemic treatment. 

Patients with locoregional recurrence not amenable to surgery and/or ra- 
diation therapy as well as those with metastatic disease are eligible for sys 
temic treatment. The standard of care for recurrent and/or metastatic disease 
changed recently. A combination of chemotherapy (cisplatin or car- 
boplatin/S-FU) with pembrolizumab, an anti-PD-1 monoclonal antibody, 
significantly improves overall survival compared with combination of cis. 
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platin or carboplatin/S-FU with cetuximab, an EGFR inhibitor. Pembroli- 
zumab monotherapy also can improve median overall survival in patients 
with PD-L1-expressing SCC. 


Surgical management 


Preservation of the larynx along with better oncologic control is one of 
the main goals of the treatment of laryngeal carcinoma, In patients with ad- 
vanced stage laryngeal carcinoma, endolaryngeal laser techniques can pro- 
vide laryngeal preservation. ‘Transoral laser microsurgery performed under 
suspension micro-laryngoscope with a CO2 laser is considered a standard of 
care for the management of early and intermediate glottic and supraglottic 
carcinomas. During this procedure, the tumor is transected and removed 
piecemeal. ‘This treatment modality has the same indications and contraindi- 
cations as open partial laryngectomy. According to data from studies, this 
technique provides excellent functional outcomes in selected patients with 
survival rates comparable to other conventional treatment approaches. 

Various partial laryngectomy procedures have been used: vertical partial 
laryngectomy, near-total laryngectomy, supraglottic partial laryngectomy, 
and supracricoid partial laryngectomy. The first two procedures are rarely 
used presently, but the last two have a role in the management of laryngeal 
carcinoma nowadays. 

Open supraglottic partial laryngectomy involves resection of much or all 
of the supraglottis, that spares both true vocal cords and arytenoids; thereby, 
laryngeal function and voice are preserved. Supracricoid partial laryngecto- 
my involves resection of the vocal fold, thyroid cartilage, and paraglottic 
tissue, as well as epiglottis if needed. During this procedure at least one 
functional cricoarytenoid unit (arytenoid and associated muscles with supe- 
rior and recurrent laryngeal nerves) is preserved for providing speech and 
swallowing, 

Indications for open partial laryngectomy include carcinomas involving 
the anterior commissure, and selected cases of advanced ‘T3~T4 carcinoma. 
Contraindications include cartilage invasion, bilateral vocal fold fixation, 
interarytenoid involvement, transglot significant tongue base in- 
volvement, and poor performance status of the patient. 

Although total laryngectomy was a historical standard for treatment of 
laryngeal carcinoma, it is still widely used in patients with advanced or re- 
current disease. This surgical procedure involves complete removal of the 
larynx, from the vallecula to the upper trachea, The goal of this surgery is 
complete, en bloc removal of the tumor with radical-intent surgery (Figure 
11.4). This surgery includes selective neck dissection (either to remove 
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Figure 11.4, Total laryngectomy (transoral laser-assisted) for laryngeal SCC in a S0-year- 
old male patient. A = the laryns is totally removed; B ~ the view of laryngostoma three 
weeks after surgery. Ahmadi A, Mohebbi S, Kazemi M, Sanaei A. Transoral laser- 
assisted total laryngectomy: expanding the TLM's world. Case Rep Otolaryngol, 2020; 
Article ID 8827139, Available under the CC BY 40 license 


metastatic Iymph nodes or to detect occult metastasis) as well. Following 
removal of the larynx with tumor, the proximal end of the trachea is sewn to 
the skin to create permanent tracheostoma, and the pharyngeal mucosa is 
closed (primarily or with the use of a flap, depending on the size of the de- 
fect and history of radiation therapy), thereby. the airway is completely sep- 
arated from the upper digestive tract. For voice rehabilitation, tracheoesoph- 
ageal prosthesis often is placed following this procedure. 

For patients with lymph node metastasis treated by radiotherapy or con- 
comitant chemoradiotherapy, the necessity to perform a systematic neck 
node dissection before or after the locoregional treatment has always been 
debated, Data from randomized studies validate a surveillance policy in case 
of negative '$FDG PET-CT and normal size lymph nodes at 12 weeks after 
chemoradiotherapy. Systematic LND is recommended for patients with pos- 
itive lymph nodes or equivocal '*FDG PET-CT results at 12 weeks after the 
completion of locoregional treatment. 


PROGNOSIS 


‘The prognosis for laryngeal carcinoma is greatly dependent on tumor 
stage and location. The S-year survival rates for patients with laryngeal car- 
cinoma are: 75-80% in localized disease, 45-50% for regional disease; 30- 
35% in distant disease. The prognosis for glottic carcinoma is better com- 
pared with supraglottic and subglottic carcinomas. 

‘The risk of disease relapse is estimated at between 40% and 60% for pa- 
tients with locally advanced disease, with most recurrences occurring within 
the first 2 years afler the diagnosis of the primary tumor. The incidence of 
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second primary carcinoma in the upper aerodigestive tract is 2%-4% per 
year and remains relatively constant over time. 


PREVENTION 


As mentioned above, over 90% of laryngeal carcinoma cases are pre- 
ventable. The following preventive measures can reduce the risk of this car- 
cinoma 

* Avoiding (quitting) smoking: 

= Not abusing alcohol; 

Using masks in the rubber and asbestos industries; 


Following a balanced diet with enough quantity of vegetables and fruits; 
‘Taking protective measures against HPV infection. 


Screening for laryngeal carcinoma 


No guideline recommends screening for laryngeal carcinoma in asymp- 
tomatic adults because evidence is insufficient to determine the benefit of 
screening in those patients. 


Follow-up for laryngeal carcinoma survivors 


Follow-up of the patients treated for laryngeal carcinoma is necessary 
with respect to locoregional tumor recurrence, distant metastasis and second 
primary tumor (about one third of patients have a lifetime risk of developing 
second primary carcinoma in the upper aerodigestive tract), 

Follow-up of the patients treated for laryngeal carcinoma includes mainly 
physical examination (and medical tests whenever needed clinically) carried 
out every 3 months for the first two years, every 6 months for the years 3-5, 
and once a year thereafter. For locally advanced disease, head and neck im- 
aging is recommended 3 months after the primary treatment to assess the 
patient status 
SEDG y for pa- 
tients with node-positive disease to assess the necessity of neck dissection, 
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EPIDEMIOLOGY AND STATISTICS 


Lung cancer ranked 2nd among all malignant tumors in 2020; Ist in men 
and 3rd in women. In 2020, 2.206.771 new cases of lung cancer were regis 
tered globally (in 2012, about 1.83 million), accounting for 11.4% of all ma- 
lignancies, >95% of all lung cancer cases are attributable to lung carcinoma, 
More than half of lung carcinoma cases are seen in people aged <75 years, 

One out of 13 men or 17 women has a lifetime risk of developing lung 
carcinoma, The highest incidence of lung carcinoma is observed in Europe, 
Northern America and Eastern Asia, the lowest in Sub-Saharan Africa, Lung 
carcinoma is found more frequently in Caucasian people compared with Af 
ro-Americans and Asians. The incidence of lung carcinoma is higher among 
people living in poor regions. Dynamics of the incidence of lung carcinoma 
in different regions reflects the dynamics of the level of smoking epidemic 
in those countries with a delay of 20-30 year. 

Uittiieieah or eee EA dae ceenlerpa rity cars 
smoking epidemic. In countries where the smoking epidemic peaked in the middle of the 
Jast century (Denmark, United Kingdom, United States), the incidence is declining in men 
and increasing in women. In those countries where the peak of the smoking epidemic was 
‘observed later (in Spain, Hungary), the incidence again is decreasing in men and increas- 
ing at higher rate in women. In countries where the smoking epidemic continues to rise 
(in China, Indonesia and parts of Africa) the incidence of lung carcinoma is also on the 
Fise and is expected to rise inthe next few decades. 


18% of cases of cancer-related death are due to lung cancer. In 2020, 
1.796.144 cases of death from lung cancer were registered globally (in 2012, 
about 1.59 million) ranking first in men, and the second in women among 
all causes of cancer-related death. 

ETIOLOGIC FACTORS 


Environmental factors 


Lung carcinoma is one of the malignant tumors much more strongly re- 
lated to environmental factors. Development of more than 95% of lung car- 
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cinoma cases are associated with exogenous (non-intrinsic) factors. The on- 
ly factor providing contact between respiratory epithelium and environment 
is the air, and hence, the carcinogenic agents facilitating lung carcinoma en- 
ler the organism within the air. 

Tobacco smoking is the main environmental factor contributing to devel 
opment of lung carcinoma. 90% of the cases of lung carcinoma in men and 
80% in women (86% in general) are related to tobacco smoking: of this 83% 
to active (first-hand smoke) and 3% to passive smoking (second-hand 
smoke). According to data, 35-40% of people are exposed to second-hand 
smoke. One out of seven men smoking until the age 75 years, and one out of 
ten men smoking until age 60 years has a lifetime risk of death from lung 
carcinoma, Smoking increases the risk of lung carcinoma by 15-30 times 
(Figure 12.1). The risk is correlated with the number of cigarettes smoked 
per day and duration of smoking. Passive smoking is associated with a 2- 
fold increased risk of developing lung carcinoma. Quitting smoking de- 
creases the risk: the risk is 40% lower in men who stopped smoking 7 years 
ago, and 70% lower in men who quitted 12 years ago. 

Cigarette smoke contains approximately 7.000 organic and non-organic 
chemical substances with 70 of them having carcinogenic potential: nico- 
tine, carbon monoxide, tobacco-specific nitrosamines, benzene, benzopy- 
rene, benzole, 2-naphtilamine, vinyl chloride. 4-aminobiphenyl. cadmium, 
arsenic, nickel, ete. Most of these chemical compounds damage DNA, form- 
ing O6-adduets, Cigarette smoke also contains tar, small particles com- 
posed of many harmful organic and non-organic substances. The inhaled 
cigarette smoke condensate in airways, forming tar, which causes metapla- 
sia in respiratory mucosa, chronic obstructive diseases and carcinoma. It 
should be noted that small cell lung carcinoma (SCLC) and SCC have the 
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Figure 12.1, The risk of developing lung cancer depending on the intensity of smoking 
and on the duration of smoking. According to Lubin JH and Caporaso NE (2006), 
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strongest association with smoking. Moreover, SCLC is almost exclusively 
caused by exposure to tobacco smoke, and is extremely rarely is found in 
non-smoker people. Approximately 98% of patients with SCLC have a 
smoking history. 


Radon-222 *Rn) exposure is the first most common cause of lung car- 
cinoma in non-smokers (the second most common after smoking). 9% of 
Jung carcinoma-related death is attributable to "Rn exposure. People usual- 
ly are exposed to influence of “Rn living or working in cellar with poor 
ventilation. °Rn is a decay product of 7°Rn, which is formed in the result 
of nuclear fission of Uranium-238 (SU) and widely distributed in the 
earth's crust (in the rocks and soils). So "Rn moving from rocks and 
to the Earth's surface, accumulates in closed rooms. The source of 10% of 
isotopes of “Rn is construction materials, especially materials of volcanic 
(magmatic) origin: pumice, tufa and granite. Miners are exposed to the in- 
fluence of this factor more intensively. Carcinogenic effect of radon is ex- 
plained by alpha radiation of daughter products of Rn. According to data, 
at the beginning of XX century. 75% of miners died of lung carcinoma. 

Asbestos exposure is one of the causes of lung carcinoma, Asbestos is a 
natural fibrous mineral that is used in many industries due to their unique 
physical properties. Asbestos exposure is associated with a 3-fold increased 
risk of developing lung carcinoma. Approximately 6-8% of lung carcinoma 
cases are associated with asbestos exposure. People are exposed to asbestos 
in connection with their occupation: building and construction industry, 
shipbuilding industry, automotive industry, etc, When asbestos fibers are 
breathed in, they may get trapped in the respiratory mucosa or lung tissue 
and persist there for a long time. Chronically irritating the surrounding cells 
and damaging them, asbestos fibers can ultimately facilitate development of 
lung carcinoma. Smokers working in asbestos industry have 20-25-fold 
higher risk compared to non-smokers working in the same field due to syn- 
ergistic effect of smoking and asbestos exposure. 

Outdoor (ambient) air pollution (due to particular matter and volatile or- 
ganic substances) is another cause of lung carcinoma. Approximately 8% of 
lung carcinoma cases are associated with outdoor air pollution, Particulate 
matter is compound of organic and non-organic substances existing, in at- 
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mosphere, Unlike particular matter of <10m in size (PM10) that is filtered 
and eliminated by natural mechanisms, particular matter of <2.5yim in size 
(PM2.5) can penetrate deep in the lung tissue and chronically damaging the 
cells can ultimately facilitate development of lung carcinoma. It should be 
noted that the main source of outdoor pollution is man-made sources (road 
vehicles, industry, power plants, etc.), and natural sources of air pollution 
(volcanoes, wildfire, sand storms, etc.) are insignificant. People living near 
autobahns are exposed to diesel exhausted gases, that contain PM2,5 in con- 
junction of PAHs, and hence, are at increased risk of developing lung carci- 
noma. Volatile organic substances contain a broad spectrum of organic 
compounds: hydrocarbons (methane, benzene, PAHs, butadiene, ete), halo- 
genated hydrocarbons, and oxidants. From the perspective of carcinogenesis 
some of them (methane) are not dangerous, but the others (benzene, PAHs, 
butadiene) have a carcinogenic effect. 

Indoor air pollution is one of the causes of lung carcinoma. The people 
who use coal and wood as a fuel for household needs, have a 3-5-fold in- 
creased risk of developing lung carcinoma, Despite the fact that smoking 
prevalence is incomparably lower among Chinese women compared with 
European ones (4-6% versus 21-27%, respectively), the incidence of lung 
‘carcinoma in females in China is higher when compared with some Europe- 


Exposure to ionizing radiation (gamma and X-rays) is one of the cause of 
Jung carcinoma, Approximately 1.3% of lung carcinoma cases are attributa~ 
ble to exposure to ionizing radiation. This factor is associated with an in- 
creased risk of developing all types of lung carcinoma, but the highest risk 
is for SCLC (especially in uranium miners). 

Painters, welders, and people working in some fields of industry; glass, 
glass wool, brick, pesticides or wood industry, in factories for utilization of 
industrial and municipal waste have an increased risk of developing, lung, 
carcinoma due to intensive exposure to specific dusts (or smokes) and 
chemical compounds. 

High amount of red meat (and processed meat) and lack of vegetables 
and fruits in diet are considered one of the probable causes of lung carcino- 
ma. 
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Precancerous lesions and diseases 


Chronic pulmonary diseases (idi- 
opathic pulmonary fibrosis, system- 
ic sclerosis-associated interstitial 
lung diseases, _ pneumoconiosis, 
chronic bronchitis, emphysema) and 
a history of some lung diseases 
(pneumonia and tuberculosis) are 
associated with a 2-fold increased 
risk of developing lung carcinoma. 
Chronic obstructive pulmonary dis- 
ease (COPD) precedes 70-80% of 
lung carcinoma cases (Figure 12.2), 
High incidence of lung carcinoma 
among non-smokers with aforemen- 
tioned diseases indirectly confirms 
the role of those diseases in pulmo- 
nary carcinogenesis. 

Recurrent respiratory papilloma- 
tosis is caused by human papilloma 
virus infection (especially HPV6 
and HPV11) and characterized by 
development of wart-like growths 
(papillomas) in the respiratory tract 
(see page 264). In 1% of cases of 
juvenile-onset recurrent respiratory 
papillomatosis, the lung is involved 
that is more rarely seen in adult type 
(Figure 12.3), 3-5% of cases of re- 
current respiratory papillomatosis 
are associated with development of 
pulmonary SCC, 


Inherited disorders 


History of lung carcinoma in the 
first-degree relatives is associated 
with a 2.5-fold increased risk of de- 
veloping lung carcinoma. It is still 
not fully known, what genes are in- 
volved in these circumstances. It is 
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Figure 12.2 Graphical depicture ofthe ratio 
of smoking. COPD and lung cancer in the 
‘United States in 2012. According to Lam- 
bert AA and Dransfield MT (2016). 
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known that most of the tobacco-originated carcinogenic compounds are me- 
tabolized by cytochrome P450 and eliminated conjugated by enzyme gluta- 
thione S-transferase. Therefore, polymorphism in the relevant genes may 
play a role in predisposition to developing lung carcinoma in relatives. It 
should be noted that 8-10% of the lung carcinoma eases are considered to be 
associated by hereditary conditions. 

‘There are a few inherited disorders associating with an increased risk of 
lung carcinoma: 
Germline heterozygous mutations in the EGFR gene, 
Li-Fraument syndrome, 
FAMMM syndrome, 
Peutz-Jeghers syndrome, 
Hereditary retinoblastoma, 
BAP! tumor predisposition syndrome, 
Xeroderma pigmentosum. 


Germline heterozygous mutations in the EGFR gene (7p11.2) that en- 
codes epidermal growth factor receptor (EGFR), are associated with an in- 
creased risk of lung adenocarcinoma (particularly in females). Being a 
transmembrane protein, EGFR participates in transduction of extracellular 
signals into nucleus for cell division. 

Approximately 10% of lung carcinoma in males and 20% in females are 
not associated with smoking, development of which in most of the cases is 
related to EGFR-mutation. These mutations are mostly sporadic, but can 
rarely be also inherited. It should be noted that [GF R-mutation in non-small 
cell lung carcinoma (NSCLC) is observed in Asians more frequently com- 
pared with Caucasians (30-40% versus 10-15%, respectively). Germline 
mutation in EGFR gene (T790M) is seen in 1% of all NSCLC cases. 

Li-Frawneni syndrome is a hereditary autosomal dominant disorder that 
mostly (80%) occurs due to germline heterozygous mutation in the 7P53 
gene (17p13.3). In the rest of the cases, the genes involved in this disorder 
remain unknown, 20% of the patients have no family history and Lit 
Fraumeni syndrome results from de novo mutations in the 7P53 gene, This 
disorder is characterized by predisposition to developing (synchronously or 
metachronously) various malignancy. One out of 5,000-20.000 newborns is 
bom with this disorder. Due to the main oncologic spectrum (sarcomas, 
brain tumors and premenopausal breast carcinoma, leukemia, adrenocortical 
carcinoma) characteristic for this disorder, this disorder is also called SBLA 
syndrome. Less frequently, many other malignant tumors can also be found 
in individuals with this syndrome. The cases of SBLA-malignancy accounts 
for 70-80% of all cancer cases observed in individuals with this disorder. It 
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should be noted that the most com- 
mon malignant tumors in patients 
with Li-Fraumeni syndrome are soft 
tissue sarcoma and breast carcino- 
ma. 

The lifetime risk of developing 
malignant tumors is significantly 
higher in women (even afler exclu- 
sion of genital maligna 
pared with men (93% versus 69%, 
respectively). The average age of 
patients at the first tumor detection 
is lower in women than in men (29 
years versus 40 years, respectively), 
50% of cases of malignant tumors in 
women with this syndrome are de~ 
tected under age 31 years, in men 
under age 46 years. The syndrome is 
characterized not only by many va- 
rieties of malignant tumors in a par- 
ticular individual, but also by the 
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Figure 12.4. CT scan of adenocarcinoma of 
the right lung in a 46-year-old woman with 


possible Li-Fraumemt syndrome, The patient 
has a history of urethral adenocarcinoma, 
soft tissue sarcoma, and postradiation sar- 
coma, Yumrukeal F, Dirk Y, Ginar A, 
Eralp L., Fourth primary malignant tumor in 
4 patient with possible Li-Fraumeni syn- 
drome: synchronous diagnosis of postradin- 
tion sarcoma, cutaneous relapse of a previ- 
ous soft tissue sarcoma, and lung adenocar- 
cinoma. Case Rep Orthopedics, 2014, Arti- 
cle ID $97207. Available under the CC BY 


detection of malignant neoplasms at 7° Hens 


an early age and by many family members affected by this syndrome. 

As stated earlier, up to 50% of individuals with Li-Fraumeni syndrome 
develop a malignant tumor by age 30 years, 90% by age 70 years. The risk 
of occurrence of second cancer is 30-57% (of third cancer, 4-37%) in indi- 
viduals with Li-Fraumeni syndrome (Figure 12.4). The level of the risk of 
second and third cancer correlates inversely with the age the first malignan- 
cy detected: the lower the age, the higher the risk of developing second can- 
cer. ‘The risk of developing lung carcinoma is 7-22% in individuals with Li- 
Fraumeni syndrome. 

Individuals with Li-Fraumeni syndrome are very sensitive to the damaging effects of 
radiation, It is considered that patients with Li-Fraumeni syndrome have a high risk of 
developing post-radiation malignant tumors. Approximately half of patients with Li- 
Fraumeni syndrome who received radiation therapy for cancer develop a second primary 
‘malignancy (mainly sarcoma) in the area of radiotherapy an average of 10 years after 
‘treatment. Therefore, it is recommended to avoid radiation therapy in those patients 
whenever possible. 

‘The classic criteria for Li-Fraumeni syndrome are the followings: sar- 
coma under age 45 years: first-degree relative with a cancer before age 45 
years; first- or second-degree relative with cancer before age 45 years or 
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with sarcoma at any age. It used to be thought that there were about 500 
families with Li-Fraumeni syndrome worldwide, With the introduction of 
the Chompret criteria, the prevalence of this hereditary disorder is believed 
to be one out of $.000-20.000 families. 


FAMMM syndrome is also associated with a 3-15-fold increased risk of 
developing NSCLC in addition to melanoma, pancreatic carcinoma and oth- 
er malignant tumors (see page 195): the risk especially higher in smokers. 

Peutz-Jeghers syndrome is also associated with an increased risk of de- 
veloping lung carcinoma, particularly bronchioalveolar carcinoma (a rela- 
tively uncommon type of adenocarcinoma) in addition to many other malig- 
nancies (see page 403). 15% individuals with this disorder develop lung 
carcinoma during their lifetime. It should be noted that lung carcinoma cases 
account for nearly 30% of the cases of extraintestinal malignant tumors as- 
sociated with Peutz-Jeghers syndrome (extraintestinal cancer cases comprise 
approximately 30% of all malignant tumors associated with Peutz-Jeghers 
syndrome). 

Hereditary retinoblastoma is associated with an increased risk of devel- 
oping lung carcinoma in addition to various cancers (Sareomas and carcino- 
‘mas), including the most commonly (in all indi ls) observed retinoblas- 
toma (see page 200). In individuals with hereditary retinoblastoma, the risk 
of lung carcinoma is 7-15 times higher compared to sporadic retinoblastoma 
30-40 years after the initial diagnosis of retinoblastoma, Lung carcinoma 
associated with hereditary retinoblastoma can be small cell carcinoma, ade- 
nocarcinoma or large cell carcinoma, and is observed regardless of whether 
the patient received radiotherapy for retinoblastoma or not. 

BAP! tumor predisposition syndrome is also associated with an increased 
risk of developing lung adenocarcinoma in addition to many other tumors 
(see page 198). Individuals with this disorder mostly develop more than one 
cancer. Lung carcinoma develops in 40-50% of the members of the families 
with BAPI tumor predisposition syndrome. 

Xeroderma pigmentosum is associated with an increased risk of lung car 
cinoma in smokers compared with smokers without this disorder (see page 
166). It is related to much higher sensitivity of DNA to damaging (mutagen- 
ic) effect of chemical compounds contained in tobacco smoke. 


282 


Bayramov RB ‘Textbook of Oncology 
Conditions associating with an increased risk of lung carcinoma 


Family history of lung carcinoma (in first-degree relatives) is associated 
with a 2-3-fold increased risk of lung carcinoma. History of certain malig- 
nancies (head and neck carcinoma, esophageal carcinoma, bladder carcino- 
ma, Hodgkin lymphoma) is associated with an increased risk of lung carci- 
noma. This association may be due to common carcinogenic factors (with 
head and neck carcinoma, esophageal carcinoma, bladder carcinoma) or 
used therapy for previous tumor (for Hodgkin lymphoma, head and neck 
carcinoma, esophageal carcinoma). 

HIV infected people have a 3-fold higher risk of developing lung carci- 
noma, Risk is also higher in individuals with a history of organ transplanta- 
tion, particularly heart-lung transplantation. 

CARCINOGENESIS 

Several genes are known to be involved in pathogenesis of lung carcino- 
ma; the involved genes and the rate of their mutations are different, depend- 
ing on the histological type. 

Large amount of evidence suggests that at least two molecular pathways 
are involved in the development of lung adenocarcinoma: EGFR and KRAS 
pathways. Genetic mutations that result in upregulation of EGFR are ob- 
served in nearly 60% of NSCLC cases (particularly in SCC and adenocarci- 
noma) because of that EGER-inhibitors are used in the treatment of those 
carcinomas. Mutations in KRAS proto-oncogene occur almost exclusively in 
adenocarcinoma and are found in up to 30% of the cases. It should be noted 
that KR4S-mutations are strongly linked to tobacco consumption, due to that 
are not observed in lung adenocarcinoma developed in non-smokers, 

Depending on geographical region, EGFR and KRAS mutations rates 
have been observed differently in NSCLC. It should be noted that both 
EGER and KRAS mutations target mainly lung adenocarcinoma. EGFR- 
mutations are independently associated with adenocarcinoma, i 
ethnicity, and commonly found in non-smoker females. In contrast to 
iFR-mutations, alterations in KRAS gene are more commonly detected in 
smoker men and relatively rare in East Asians, Rarely, somatic mutations 
have also been found in other EGFR pathway genes: HER2, HER4, BRAF, 
and PIK3CA. 

‘To date, there are no phenotypically identifiable premalignant lesions for 
SCLC. In contrast to NSCLC, very little is known about early molecular- 
genetic events in the pathogenesis of SCLC. Nevertheless, it is believed that 
inactivation of TP53 and RBI genes, as well as activation of Hedgehog 
pathway may play a crucial role in the development of SCLC. 
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PATHOMORPHOLOGY 


Clinicopathologically, lung carcinomas are divided into 2 variants: cen- 
tral and peripheral carcinomas, Central carcinoma arises from the mucosa of 
the main or lobar bronchi, but peripheral carcinoma arises from the mucosa 
of the segmental bronchi and alveolar cells within lung parenchyma, 

Histopathologically, lung carcinomas are divided into 2 main categories, 
depending on cell of origin, which is also reflected in other aspects of these 
small cell lung carcinoma (SCLC) and non-small cell lung carci- 
About 85% of lung carcinoma cases are NSCLC, which is 
to 3 histological types: adenocarcinoma, squamous cell 
carcinoma (SCC) and large cell carcinoma, Lung carcinoma can also be 
seen in the following rare types: adenosquamous carcinoma, large cell neu- 
roendocrine carcinoma, salivary gland-type lung carcinoma (includes ade- 
noid cystic carcinoma and mucoepidermoid carcinoma), sarcomatoid carci- 
noma. 

Adenocarcinoma is one of the most common lung carcinoma types. In 
other words, depending on geographic regions and ethnicity, it is the most 
common or the second most common lung carcinoma, and represents 30- 
40% of all cases of primary lung carcinoma. Adenocarcinoma is the most 
common type of lung carcinoma in non-smokers. It usually demonstrates 
peripheral location within the lung, and in some cases occurs at the site of 
preexisting scar or inflammation (named as "scar carcinoma"). 

Bronchoalveolar carcinoma is a distinct subtype of adenocarcinoma that 
arises from type II pneumocytes and grows along alveolar septa. This carci- 
noma may appear as a solitary peripheral nodule, multifocal disease, o rap- 
idly progressing pneumonic form. In patients with advanced disease, the 
characteristic finding is voluminous watery sputum, 

SCC is the most common or the second most common lung carcinoma 
(depending on countries and ethnicity) and accounts for 25-40% of cases of 
primary lung carcinoma. It arises from mucosa of the main and lobar bron- 
which underwent squamous cell metaplasia, SCC demonstrates central 
location, manifesting as a cavitary lesion. This type of lung carcinoma is 
most frequently associated with hypercalcemia, 

Large cell carcinoma comprises 10-15% of all lung carcinoma cases. 
“This type of lung carcinoma typically demonstrates peripheral location, His- 
tologically, sheets of highly atypical cells are observed, with no evidences 
of gland formation (unlike adenocarcinoma) or keratinization (unlike SCC), 

SCLC arises from enterochromaffin cells, known also as Kulchiteky 
cells, and accounts for 10-15% of all lung carcinoma cases. This type of 
lung carcinoma arises in peribronchial locations and infiltrates. bronchial 
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submucosa and is usually centrally located. SCLC demonstrates aggressive 
clinicobiological behavior and is frequently associated with distinct parane- 
oplastic syndromes (SIADH, syndrome of inappropriate secretion of antidi- 
uretic hormone; ectopic adrenocorticotropic hormone (ACTH) syndrome), 
occur due to production of peptide hormones by carcinoma cells or 
autoimmune phenomena (Lambert-Eaton myasthenic syndrome). 

All types of lung carcinoma can develop Iymphogenic metastasis. Lym- 
occurs in hilar, bifurcation, subcarinal, paratracheal and 
. Intraabdominal lymph nodes can also be involved: me- 
tastasis in these lymph nodes is recognized as a distant metastasis. 

Distant metastases occur in the bone, liver, adrenal glands, brain and spi- 
nal cord, contralateral lung and skin. 


Staging of lung carcinoma 
‘TNM staging of lung carcinoma is detailed on page 674. 


CLI 


(CAL PRESENTATION 


Lung carcinoma has frequently insidious clinical course with no symp- 
toms until the disease is not much advanced. In asymptomatic patients, lung 
carcinoma can only be detected when chest radiograph is performed for oth- 
cer reasons: these cases account for up to 10% of all lung carcinoma cases 
At initial diagnosis, 20% of patients with lung carcinoma have localized 
diseases, 25% of patients are with the disease of regional stage, and 55% of 
patients have distant metastasis. 

‘Symptoms and signs of lung carcinoma may be due to the primary tumor, 
regional or distant spread, or ectopic hormone production. Cough is the 
most commonly presented symptom of lung carcinoma (due to background 
chronical obstructive diseases or irritation of pleura or bronchial tree by the 
tumor). The other symptoms frequently observed are dyspnea (due to atelec~ 
tasis caused by bronchial obstruction or voluminous pleural effusion or 
phrenic nerve paralysis), chest pain (due to invasion into the adjacent struc- 
tures, particularly the chest wall) and hemoptysis (due to destruction of the 
primary tumor). ‘The symptoms related to the primary tumor and their rea- 
sons depend on tumor location (central or peripheral). For example, dyspnea 
in central carcinoma (central carcinoma most commonly is SCC) is caused 
by atelectasis or/and postobstructive pneumonia) while peripheral carcino- 
ma (peripheral carcinoma most commonly is adenocarcinoma) causes 
dispnea due to pleural effusion. Moreover, hemoptysis is characteristic for 
central tumor, particularly for SCC (SCLC is also mostly central, but due to 
its peribronchial growth with intact bronchial mucosa rarely is associated 
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With destruction of the primary tumor and consequently with bleeding). 
Chest pain is usually characteristic of adenocarcinoma and occurs as a result 
of its infiltration into the chest wall. Peripheral carcinomas (mainly adeno 
carcinoma) may not draw attention to themselves until they have produced 
extrathoracie metastases (bone or intracranial metastasis). 

Symptoms due to locoregional spread (due to local invasion or involved 
enlarged regional lymph nodes) may include signs of superior vena cava 
obstruction, hoarseness (due to paralysis of recurrent laryngeal nerve), pa- 
ralysis of the diaphragm (due to phrenic nerve palsy), Homer syndrome (due 
to pressure on sympathetic plexus), signs of pneumonia (due to obstruction 
of major airways by rapidly growing tumor), stridor (due to compression of 
the trachea), dysphagia (due to esophageal compression), signs of pericardi- 
al effusion (due to pericardium invasion). Pancoast tumors (superior sulcus 
tumors) can compress brachial plexus roots, resulting in intense, neuropathic 
pain in the ipsilateral upper extremity. 

Symptoms of distant (hematogenic) spread vary widely, depending on 
involved distant organs. Metastasis in the central nervous system, which oc- 
cur frequently in patients with hing carcinoma, may include altered mental 
status, blurred vision, slurred speech, headache, seizure, meningismus, atax- 
ia and nausia and/or vomiting. Metastatic carcinoma may also produce the 
following signs due to intensive metabolism in carcinoma cells: weight loss, 
cachexia, fatigue, weakness, ete. 

Paraneoplastic syndromes occur in 10-20% of patients with lung carci- 
noma, especially with SCLC. Nevertheless, these syndromes can also be 
associated with NSCLCs. Paraneoplastic syndromes associated with lung 
carcinoma include hypercalcemia (occurs due to parathyroid-like hormone 
production and is most commonly observed in patients with SCC), clubbing 
and hypertrophic pulmonary osteoarthropathy (is mainly observed in pa- 
tients with adenocarcinoma), Trousseau syndrome (acquired coagulation 
disorder that results in migratory thrombophlebitis and is commonly found 
in cases of adenocarcinoma), syndrome of inappropriate antidiuretic hor- 
mone production (is commonly observed in cases of SCLC), Cushing syn- 
drome (is mostly seen in patients with SCLC and caused by ectopic ACTH 
production), Lambert-Eaton myasthenic syndrome (gradual onset of proxi- 
mal lower extremity weakness; although extraocular muscle involvement is 
rare, ptosis occurs frequently; is observed in cases of SCLC). 


Clinical examination (history taking, inspection, palpation, percussion, 
auscultation) can provide valuable information for diagnosis of lung carci- 
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noma. Findings on physical examination are variable and depend on tumor 
location, tumor size and existence of metastases. Approximately 65-75% of 
lung carcinoma cases cannot be diagnosed until the tumor has reached an 
advanced stage. Moreover, about one third of the patients present with 
symptoms related to distant metastasis. On observation and inspection cya- 
nosis, dilated neck veins, dyspnea, clubbing may draw attention, Depending, 
on complications (e.g., pericardial effusion) other visual signs (e.g., elevated 
jugular Venous pulsation that paradoxically rises with inspiration) may also 
be observed. 

Depending on location of the tumor and associated complications, differ- 
ent signs on percussion and auscultation can be revealed. Peripheral tumors 
can cause segmental or lobar atelectasis, central tumors can produce lobar or 
complete atelectasis that are characterized by dullness on percussion and 
decreased breath sounds on auscultation in the appropriate part of the he- 
mithorax. In eases of pleural effusion, dullness on percussion and decreased 
breath sounds on auscultation can be noted in the lower part of the he- 
mithorax, depending on the volume of pleural fluid, Cardiac findings on 
physical examination are usually noted when the tumor causes pericardial 
effusion that can range from simple effusion to cardiac tamponade. In cases 
of cardiac tamponade, its classic sign, pulsus paradoxus can be observed. 

In patients (especially in adults) with respiratory symptoms and with a 
long history of smoking and/or an exposure to other risk factors, lung carci- 
noma should be suspected and prompt chest radiography should be carried 
out. Chest radiography can demonstrate central or peripheral shadow (as a 
pulmonary nodule, mass or infiltrate), depending on the clinicopathological 
variant and histologic type (Figure 
12.5), Large cell carcinoma typical- 
ly manifests as a peripheral mass on 
chest radiography. Bronchoalveolar 
carcinoma demonstrates classic 
manifestation of interstitial lung dis- 
ease on chest radiograph. SCC also 
presents as a central tumor, but un- 
like SCLC, it often demonstrates 


Figure 12.5. Pulmonary SCC of the left up- 


central cavitation 

When chest radiography reveals a 
shadow consistent with lung cat 
noma, histologic (cytologic) confir- 
mation is necessary. This can be 
achieved by sputum cytology. bron- 
choscopic biopsy (in central tumors) 


per lobe with osteolytic metastasis in the 
‘middle of the Jeft humerus. Das A, Pandit S, 
k. Das $ et al. An osteolytic metastasis of 
humerus from an asymptomatic squamous 
cell carcinoma of lung: a rare clinical entity. 
Case Rep Pulmonol, 2014; Article ID 
636017. Available under the CC BY 4.0 
license. 
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or CT-guided transthoracic biopsy (in peripheral tumors), depending on tu- 
mor location. Positive results of sputum cytology confirm the diagnosis, but 
negative result does not exclude it. The result of sputum cytology depends 
also on histologic types of lung carcinoma. Given the fact that SCLC grows 
peribronchially and involves submucosal layer (without endobronchial 
grow), due to which, in most of the cases, it is associated with an intact 
overlying mucosa because of that carcinoma cells may not found in the spu- 
tum. Therefore, sputum cytology is not a useful diagnostic tool for diagnos- 
ing SCLC, but is informative for the diagnosis of SCC. 

Bronchoscopy is a very usefull diagnostic tool in centrally located tumors 
(SCC and small cell carcinoma), as it visualizes the tumor (Figure 12.6 A) 
and determines its precise location (regarding the main, lobar or segmental 
bronchi) and provides obtaining tissue samples under eye guidance, as well 
as bronchial washings for cytologic examination. 

It should be noted that CT-guided transthoracic biopsy should be re- 
served for unresectable cases and inoperable patients. If the tumor is con- 
sistent with lung carcinoma and assessed as resectable disease on radio- 
graphic imaging studies and the patient has a good performance status (is 
operable), in order to avoid of needle track seeding of carcinoma cells, up- 
front surgery (with pathologic examination of the removed tumor) is the 
best option. It should be noted that the extent of surgery should correspond 
to cancer surgery in those cases. 

The pathological examination of biopsy samples. in most of the cas. 
can confirm the diagnosis and distinguish the histologic type of lung car 
noma. In challenging cases immunohistochemical examination can be used. 
Lung adenocarcinoma demonstrates immunoreactivity for TTF-1, NapsinA, 
and CK7; pulmonary SCC is characterized by positive p40, p63, CK5/6, and 


TTF-1, CK8, and CHGA (chromogranin A). 

Following the confirmation of carcinoma, the next step of diagnostic 
work-up is assessment of the stage of the tumor. Because the stage of the 
tumor is crucial in decision-making process and the treatment strategy di- 
rectly depends on this parameter. For clinical staging, CT sean of thorax and 


upper abdomen is the best diagnostic modali ire 12.6 B). It assesses 
the tumor size, its relationship to adjacent structures (T category), all re- 
gional Lymph nodes (N category) and mostly involved distant organs; the 
Jungs, liver and suprarenal glands (M category). PET sean, using '5F-FDG 
(18F-fluorodeoxyglucose) may be useful in detection of involved lymph 
nodes, the presence of which may influence decisions about surgery. So 
PET scanning is more sensitive, specific, and accurate than CT scan for 
staging mediastinal disease (Figure 12.7). However. false-negative and 
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Figure 12.6. Triple synchronous primary lung cancer in a 63-year-old male patient who 
was smoker- adenocarcinoma of the right upper lobe, SCC of the right lower lobar bron- 
chus, and neuroendocrine carcinoma of the left main bronchus. A — bronchoscopic ap- 
pearance of neuroendocrine (mixed large cell and small cell) carcinoma of the le main 
bronchus; B—CT image of adenocarcinoma of the right upper lobe. Kashif M, Ayyadurni 
P. Thanha L, Khaja M. Triple synchronous primary lung cancer: a case report and review 
of the literature. Med Case Rep, 2017; 11-245. Available under the CC BY 4.0 license 
false-positive results may be observed on PET sean. Brain MRI is recom- 
mended in operable patients with resectable tumor for excluding brain me- 
tastases, the presence of which drastically alters the treatment strategy, As 
the skeletal system is one of the most common sites of metastases of lung 
arcinoma, bone radioscintigraphy should be executed to exclude (or to con 
firm) metastasis in patients with bone pain or elevated serum calcium and/or 
ALP levels. 

In eases of lung careinoma with pleural efusion, pleural fuid should be 
aspirated and cytologically examined for malignant cells in order to 
the stage of the tumor more accurately. In patients with large, symptomatic 
pleural effusion, therapeutic thoracentesis should be performed for sympto- 
matic relief. 

The next step of diagnostic work-up is functionally assessment of vital 
organs: lungs (pulmonary function testing), heart (clectrocardiography, ec 
cardiography), liver (liver function tests), kidney (blood urea nitrogen, 


Figure 12.7, PET-CT scans of the patient described in Figure 12.6. A — hypermetabolic 
activity in the right upper lobe mass; B— hypermetabolic activity in the enlarged right and 
left hiliar lymph nodes, 
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tinine analysis) and bone marrow (complete blood cell count). Tests should 
also include serum electrolyte analysis and ALP. Electrolytes level can also 
diagnose the paraneoplastic syndromes: hypercalcemia reveals parathyroid- 
like hormone production (is most commonly observed in patients with SCC, 
as stated earlier); hyponatremia reveals inappropriate antidiuretic hormone 
production (commonly occurs in cases of SCLC); hypokalemia reveals ec- 
topic adrenocorticotropic hormone production (is mostly seen in patients 
with SCLC). High level of serum ALP can provide a clue to suspicion of 
asymptomatic bone meta 

Histopathologic examination of surgical specimen (resectate) determines 
the histological type of carcinoma, its degree of differentiation, T-stage and 
assess the removed lymph nodes, which are important for final pathologic 
staging and planning further treatment. 


TREATMENT 


‘Treatment strategy for lung carcinoma depends on the histologic type, 
clinical stage of the tumor and performance status of the patient. 


‘Treatment of small cell lung carcinoma 


SCLC jis characterized by rapid growth and early spread; therefore, 
prompt initiating the treatment is important. 

A surgical approach is justified for cases of eT1-2N0-IM0 SCLC as long 
as mediastinal lymph node involvement has been ruled out. 4 cycles of ad- 
juvant chemotherapy should be used after surgery. It should be noted that 
there is no role for surgery after induction chemotherapy in N2 disease. 
‘Nevertheless, combined treatment with chemotherapy and radiation therapy 
is the standard management for early-stage SCLC. Radiation therapy is usu- 
ally started at the second cycle of chemotherapy in patient with a good per- 
formance status. In patients with poor performance status or very bulky dis- 
ease, radiation therapy can be delayed in order to avoid the serious myelo- 
supression, which is frequently observed with full-dose chemotherapy and 
large-volume radiation therapy. 

Curative-intent management of the patients with limited-stage disease 
(tumors confined to the ipsilateral hemithorax. the mediastinum, or supra- 
clavicular lymph nodes) typically involves platinum-based chemotherapy 
(4-6 cycles) and concurrent (within 30 days after the start of chemotherapy) 
thoracic radiation therapy (twice daily 1.5 Gy in 30 fractions). Continuing 
chemotherapy beyond six cycles cannot demonstrate improved overall sur- 
vival and many oncologists discontinue chemotherapy after four cycles of 
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therapy. Patients who achieve complete response should be recommended 
prophylactic cranial irradiation. 

Combination chemotherapy demonstrates superior response rates and 
survival compared with single-agent chemotherapy in SCLC. Platinum- 
based combinations (cisplatin’etoposide; _cisplatin/irinotecan; —car- 
boplatin/etoposide; carboplatin irinotecan) are the most commonly used reg- 
imens, Cisplatin/etoposide and cisplatin irinotecan are currently the most 
widely used regimens in both limited and extensive-stage SCLC. The sec- 
ond regimen demonstrates superior survival in patients with metastatic 
SCLC compared with the cisplatin/etoposide regimen, Cisplatin/etoposide 
regimen is associated with less myelosuppression. Carboplatin-based chem- 
otherapy is mainly used in patients with compromised renal function. It 
should be noted that hematologic toxicity is higher with carboplatin, and 
nonhematologie toxicity is higher with cisplatin. Concurrent chemotherapy 
(4 cycles) and thoracic radiotherapy (twice-daily, 1.5 Gy in 30 fractions) 
exhibits better survival in patients with extensive-stage disease and good 
performance status. 

Cases of advanced or disseminated stages of the disease (tumor spreads 
beyond supraclavicular areas or distant metastasis exists) are incurable with 
current management options. and such patients are treated with combination. 
chemotherapy with platinum-based regimens (see above) carried out in 4-6 
cycles (but not >6 cycles). Combination of chemotherapy (carbopla- 
tin/etoposide) with atezolizumab (PD-L1 inhibitor) is the new standard first- 
line treatment for extensive-stage SCLC. Another PD-L1 inhibitor, durval- 
umab is also approved in combination with carboplatin etoposide or cispla- 
tin/etoposide regimens as a first-line treatment for extensive-stage SCLC. 

Radiotherapy for extensive-stage SCLC is employed only to palliate 
symptoms. Despite the excellent response to radiotherapy. the disease invar- 
iably relapse, Prophylactic cranial irradiation should be considered standard 
therapy in responding patients with extensive-stage SCLC like with limited- 
stage disease, So, brain metastasis may be present in up to 20% of patients 
With extensive-stage SCLC at initial diagnosis and increases to about 90% at 
2 years. Gamma-knife stereotactic radiosurgery for brain metastasis is a sal- 
vage option for patients with failure of previous whole-brain irradiation. 

According to data from studies, high-dose chemotherapy can yield supe- 
rior survival rate, but may cause life-threatening myelosupression, There are 
no data supporting high-dose chemotherapy with bone marrow or stem cell 
transplantation because no randomized trials have comparatively evaluated 
these approaches. 

In contrast with NSCLC, SCLC has not been demonstrated well response 
to most targeted therapy agents. 


291 


Bayramov RB ‘Textbook of Oncology 


‘Treatment of non-smalll cell lung carcinoma 

Surgical management and radiation therapy 

Radical-intent surgery is a treatment of choice in patients with NSCLC of 
resectable stages (stages IIIA); lobectomy (with regional/mediastinal lym- 
phadenectomy) is a surgery of choice. It should be noted that the role of rou- 
tine mediastinal LLND versus lymph node sampling remains controversial, In 
cases of proximal tumors (main bronchus involvement or <2.0 em distance 
between the proximal border of the tumor and main bronchus bifurcation) 
pneumonectomy is performed. Lobectomy helps preserve pulmonary func- 
tion and is associated with lower complication rates compared to pneumo- 
nectomy, which is performed in patients with main bronchus involvement. 
Sublobar resections (segmentectomy or wedge resection) are performed in 
patients with poor pulmonary reserve, but this extent of surgery is character- 
ized by higher locoregional recurrence rate compared to lobectomy. Sublo- 
bar resections are increasingly been used in conjunction with video-assisted 
thoracoscopic surgery (VATS). which is a minimally invasive surgical pro- 
cedure being employed for diagnostic and therapeutic purposes in patients 
with peripheral stage I lung tumors. Nevertheless, practical guidelines sug- 
gest that VATS is feasible as long as adequate resection can be provided. It 
should be noted that postoperative mortality rate is approximately 6% for 
pneumonectomy, 3% for lobectomy and 1% for segmentectomy. 

The role of adjuvant radiation therapy following radical-intent surgery 
remains controversial, So, despite the fact that adjuvant radiation therapy 
reduces the rate of locoregional recurrence, it has not been shown to im- 
prove 5-year overall survival rate 

Radiation therapy alone is an option for treatment of patients with 
NSCLC of I and IT stages who are not candidates for surgery because of 
limited pulmonary reserve or the presence of comorbidities. Radiation ther- 
apy alone can provide S-year cancer-specific survival rates of 13-39% in 
early-stage NSCLC (in TI and T2 disease) in patients, who are not candi- 
dates for surgery. 

Survival appears to be improved by the use of hyperfractionation sched- 
ules, such as CHART (continuous hyperfractionated accelerated radiation 
therapy) at 1.5 Gy 3 times a day for 12 days, as opposed to conventional ra- 
diation therapy at 2 Gy a day for 30 days. Stereotactic body radiation thera- 
py (SBRT) is another technique for conservative treatment of early-stage 
NSCLC, SBRT provides precise targeting of high-dose radiation (up to 
>100 Gy) to the tumor, typically in 1-2 fractions with minimal toxicity to 
adjacent normal tissues. Patients with a tumor of <5.0 em in diameter with: 
out clinicoradiological nodal involvement, in whom definitive surgery is 


292 


Bayramov RB ‘Textbook of Oncology 


contraindicated, are best suited for SBRT. The last technique can provide a 
5-year survival of 55-70% (versus 20-35% by conventional radiation thera- 
py) with <10% of local recurrence. 

Patients with NSCLC of advanced stages (IIIB and IV stages) are treated 
with chemoradiotherapy (IIIB stage) or chemotherapy (IIIB-IV stages) with 
the option of surgery. Very small percentage of patients with these stages 
can be candidate for radical-intent surgery. 

Radiofrequency ablation (RI 
with a tumor of <3.0 em in 


) can also be used in inoperable patients 
iameter in whom EBRT is contraindicated. 


Chemotherapy 


‘The treatment of NSCLC has changed over the last decade, with the ap- 
plication of molecular-targeted agents. Nevertheless, cytotoxic chemothera- 
py retains its role in the management of those carcinomas. Approximately 
80% of patients with lung carcinoma are considered for chemotherapy at 
some point of the disease. 

NSCLC is moderately sensitive to chemotherapy: therefore. this therapy 
alone is not a potentially curative therapy for NSCLC. Chemotherapy can be 
used as a neoadjuvant or adjuvant setting, alone or in combination with ra- 
diation therapy. 

Neoadjuvant chemotherapy is rarely used in NSCLC. Nevertheless, neo- 
adjuvant and adjuvant chemotherapy have demonstrated equivalent im- 
provement in overall survival. Neoadjuvant chemotherapy may also be ben- 
eficial for preoperative downstaging that can result in a less extensive resee- 
tion. 

‘The patients with high risk of relapse following radical-intent surgery (in 
cases with poorly differentiated or undifferentiated carcinoma, or nodal in- 
volvement) are treated with adjuvant chemotherapy, Adjuvant chemothera- 
py is recommended to patients with postoperative stage II and II NSCLC 
and can be considered in patients with postoperative stage IB disease. Adju- 
vant chemotherapy is able to improve 5-year survival rate by about 10%. 
Due to the fact that nearly half of the patients who underwent surgery for 
NSCLC develop local or systemic recurrence, four-cycles of adjuvant 
chemotherapy is recommended in all cases of stage IB-IILA (no adjuvant 
chemotherapy is recommended for stage IA). For adjuvant chemotherapy a 
two-agent chemotherapy with cisplatin is preferable. A combination of 
platin with vinorelbine (or with docetaxel, or gemcitabine, or pemetrexed) 
can also be considered. Currently, the choice of adjuvant chemotherapy reg- 
imens should not be guided by molecular analysis and targeted agents 
should not be used in the adjuvant setting. Nevertheless, in cases with an 
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EGER exon 19 deletion or exon 21 L858R point mutation, adjuvant therapy 
With osimertinib can be used (see below). 

Platinum-based regimens (cisplatin or carboplatin combined with gem- 
citabine, paclitaxel or docetaxel) has been the backbone of most combina- 
tions used in cases of NSCLC. Despite the fact that carboplatin-based com- 
binations have been used more frequently, they are not significantly more 
effective when compared with cisplatin-based regimens; but gastrointestinal 
toxicity is observed more frequently with cisplatin-based chemotherapy. 
‘Therefore, in elderly patients and in those with comorbidities, carboplatin 
combinations are preferred. It should be noted that histological types of 
NSCLC have not been demonstrated to impact on response to chemothera- 
py. Nevertheless, cisplatin-gemeitabine combination is the preferred for 
SCC, cisplatin-pemetrexed for adenocarcinoma. It should be noted that 
some individuals have inherent resistance to platinum compounds. 

In the management of patients with locally advanced unresectable (IIA 
stage) NSCLC and with good performance status (Kamofsky performance 
score of 70-100) platinum-based chemotherapy in conjunction with radia- 
tion chemotherapy is currently the standard approach. If chemoradiation re- 
sults in a partial or complete response, durvalumab (PD-L1 inhibitor) for 
one year is recommended. 

Chemotherapy should be offered to all patients with stage IIB-IV 
NSCLC and with performance status 0-2. According to data from studies, 
palliative chemotherapy increases 1-year survival rate by approximately 
10% in incurable patients when compared with supportive care. This surviv- 
al benefit is demonstrated irrespective of histological type of NSCLC and 
age and sex of the patients. Two-agent chemotherapy regimens are superior 
to one agent regimens and platinum-based regimens are recommended in all 
patients with no platinum contraindications. Carboplatin combined with pro- 
tein-bound paclitaxel demonstrate superior response rate compared with 
carboplatin combined with solvent-based paclitaxel. Platinum-based dow 
blets with addition of a third-generation cytotoxic agent (gemcitabine, t 
anes or vinorelbine) are recommended in patients with advanced SCC with 
performance status 0-2 and can also be used in patients with non-squamous 
NSCLC 


Molecular-targeted therapy 

‘The treatment of NSCLC has entered a new era with increased under- 
standing of molecular abnormalities in lung carcinoma, identification of mo- 
lecular targets and development of molecular-targeted agents. In order to 
determine the patient's eligibility for molecular-targeted therapy, the tumor 
tissue should have been tested for mutations in genes, that code for EGFR, 
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KRAS, ALK (anaplastic lymphoma kinase), ROSI and PD-L1 (pro- 
grammed death ligand 1). 

In patients with advanced or metastatic NSCLC without EGFR- and 
ALK-mutations, regardless of PD-L1 status, pembrolizumab (PD-1 inhibi- 
tor) in combination with pemetrexed and platinum-based chemotherapy 
should be considered a standard option in first-line therapy. ‘The combina- 
tion of atezolizumab (PD-L1 inhibitor) and bevacizumab (anti-VEGF mon- 
oclonal antibody) with carboplatin and paclitaxel is an option in patients 
with metastati CLC with performance status 0-1, ‘The 
combination of pembrolizumab with carboplatin and paclitaxel or protein- 
bound paclitaxel is a standard choice in patients with metastatic squamous 
NSCLC. 

In patients with lung adenocarcinoma that have EGFR-mutation (as men- 
tioned earlier, EGFR-mutations target mainly adenocarcinoma) consistent 
with sensitivity to TKI (tyrosine kinase inhibitor), options for single-agent 
therapy (without chemotherapy) include the following: osimertinib, erlo- 
tinib, afatinib, gefitinib or dacomitinib. Osimertinib is recommended as the 
preferred option for a first-line therapy in cases that have EGFR-mutations 
associated with higher sensitivity to TKIs (exon 19 deletion or exon 21 
L858R point mutation is associated with higher sensitivity to EGFR-driven 
TKIs), while amivantamab (EGFR-MET bispecific monoclonal antibody 
the preferred option for cases with EGFR-mutations associated with re- 
sistance to TKIs (exon 20 insertion is associated with a low response or ac- 
quired resistance to EGFR-directed TKIs). 

‘The presence of KR4S-mutation (KRAS 12C mutation accounts for nearly 
50% of KRAS mutations in NSCLC and is found in nearly 15% of those 
cases) is characterized by reduced response to rected TKIs, Sotora- 
sib is the preferred treatment option in cases with KRAS 12C mutation, 

Lung adenocarcinoma with ALK rearrangements (ALK rearrangements 
occur in non-smokers or light smokers) do not benefit from treatment with 
EGFR-driven TKIs, In those cases, the first-line therapy can be one of the 
following: alectinib, brigatinib, lorlatinib, erizotinib or certinib. 

Different molecular-targeted agents are also used for rare gene mutations 
including BR4F-mutation (dabrafenib), RET-fusion (selpereatinib or pralset- 
inib), ROS!-mutation (crizotinib, entrectinib) etc. 

ICIs (immune checkpoint inhibitors) are used in cases of NSCLC with 
PD-L1 expression >1% and negative for mutations in any of the aforemen- 
tioned genes (EGFR, ALK, ROSI, ete.). In cases of NSCLC with PD-L1 ex- 
pression of 1-49%, the following treatment options are recommended: ate- 
zolizumab or cemiplimab alone; pembrolizumab with or without cisplatin 
(or carboplatin) and pemetrexed. In patients with NSCLC associated with 
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PD-L1 expression of >50%, the following treatment options may be offered: 
pembrolizumab with or without cisplatin (or carboplatin) and pemetrexed; 
atezolizumab with carboplatin or paclitaxel. 

Recently, the effect of molecular-targeted therapy in advanced NSCLC 
has raised interest in its use as a neoadjuvant therapy for resectable stage 
NSCLC. So, neoadjuvant use of immune checkpoint inhibitor nivolumab in 
combination with platinum-based chemotherapy for patients with resectable 
NSCLC (tumor >4.0 cm or node positive tumor) was approved 


PROGNOSIS 


Lung carcinoma is a highly lethal malignancy. ‘The prognosis for lung 
carcinoma is greatly related to their histological type and stage. ‘The survival 
rates are significantly better for NSCLC compared with SCLC. 

5-year survival rates for SCLC reach 25-27% for localized disease; 15- 
16% for regional disease: 2-3% for systemic disease. 5-year survival rate is 
6-7% for all stages combined. 

5-year survival rates for NSCLC reach 60-63% for localized disease; 30- 
35% for regional disease: 5-7% for systemic disease. 5-year survival rate is 
15-20% for all stages combined. 

Overexpression of EGFR gene is common in NSCLC and is character- 
ized by an increased metastatic potential, increased resistance to therapy and 
poorer prognosis. KR4S-mutation is also associated with poorer survival. 

According to data from studies, quitting smoking is associated with a 
significantly better survival in patients treated for both NSCLC and SCLC: 
therefore, quitting smoking should be strongly encouraged. 


PREVENTION 


As the development of lung carcinoma is greatly linked to environmental 
factors, it is one of the malignancies with highest rate of preventability. Ap- 
proximately 90% of lung carcinoma cases can be prevented by following 
some measures. ‘The following measures are capable of reducing the risk of 
developing lung carcinom: 

* Avoiding (quitting) smoking, as nearly 90% of lung carcinoma in men 
and 80% in women are related to tobacco smoking; 

* Not spending much time in places where smoking is allowed (in bars 
and similar places); 

= Checking the level of “Rn in poorly ventilated living or working plac- 
es (particularly in cellar) where it causes a concem; 
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= Wearing masks in the industry of nickel, asbestosis, arsenic, beryllium, 
cadmium, chrome, iron, lumber and dyes; 
«Having a balanced diet rich in vegetables and fruits. 


Sereening for lung carcinoma 


According to data, annual low-dose computed tomography (LDCT) leads 
to earlier detection of lung carcinoma and reduces mortality from 
lignancy by 20°. Guidelines of many organizations (especially in the Unit- 
ed States) recommend annual screening for lung carcinoma with LDCT in 
people aged 50 to 80 years who have at least a 20 pack-year smoking histo- 
ry either continue to smoke or have quit within the past 15 years, The guide- 
lines also recommend screening for high-risk people with one or more of the 
following risk factors: radon exposure: occupational exposure to carcino- 
genic agents (see above): cancer history (e.g.. Iymphomas, head and neck 
cancer, ete.); family history of ung carcinoma in first-degree relatives; his- 
tory of COPD; second-hand smoke exposure. 


Follow-up for lung carcinoma survivors 


Asymptomatic patients treated for SCLC require follow-up if clinically 
needed. Recommendations, regarding follow-up of patients treated for 
NSCLC include the followings: physical examination and thoracic CT scan 
every 6-12 months for the first 2-3 years, then once annually; annual vac- 
cinations for influenza, pneumococcal infection and herpes zoster. 
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13] ESOPHAGEAL 
CARCINOMA 


EPIDEMIOLOGY AND STATISTICS 


Esophageal cancer ranked 9h among all malignant tumors in 2020 (ex- 
cluding skin cancer); 7th in men and 11th in women. In the same year, 
604,100 new cases of esophageal cancer were registered globally (in 2012, 
about 455.800), accounting for 3.1% of all malignancies. 98-99% of all 
esophageal cancer cases are attributable to esophageal carcinoma. 

Esophageal carcinoma's incidence in men is 3-4-fold higher compared 
with women. Nearly one out of 55 men or 115 women has a lifetime risk of 
developing esophageal carcinoma. Approximately 60% of all esophageal 
carcinoma cases are seen in people aged >70 years. 

‘The incidence of esophageal SCC is characterized by very drastic differ- 
ence (up to 100-fold) in different geographical regions of the world. A re- 
gion called “esophageal cancer belt” extends from Northem Iran and eastern 
coast of the Caspian Sea to North Central China is from antiquity the high- 
esterisk region (mainly due to SCC). ‘The highest incidence of esophageal 
carcinoma is seen in Central and Western Asia, and Eastern and Southern 
Africa, the lowest in Westem Africa. In the Wester countries (the United 
Kingdom, France, the United States, Australia), the incidence of esophageal 
carcinoma is increasing tremendously, due to adenocarcinoma, on the con- 
trary; in recent years, in the United States, the incidence of esophageal car- 
cinoma is 6-7-fold higher compared with 1970s. The incidence of esophage- 
al carcinoma is higher among people living in poorer regions. 

The prevalence of SCC or adenocarcinoma of the esophagus in a particular region de 
pends on the incidence of esophageal cancer in that region. In regions with a high inei- 


dence of esophageal cancer, SCC predominates, in those with a low incidence, adenocar- 
cinoma is dominant. 


‘The incidence of esophageal SCC is steadily decreasing in Western countries due to de- 
cline in the prevalence of smoking and alcohol consumption. However, in recent years in 
those countries, the incidence of esophageal adenocarcinoma is increasing due to higher 
prevalence of obesity and chronic GERD, 
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5.5% of cases of cancer-related death are attributable to esophageal ¢ 
cer. In 2020, 544,076 cases of death from esophageal cancer were registered 
globally (in 2012, about 400,000), ranking 6th among all causes of cancer 
related death, 


ETIOLOGIC FACTORS 
Environmental and intrinsic factors 


In the pathogenesis of esophageal carcinoma, environmental and intrinsic 
factors play role, depending on histological types of the mentioned cancer. 
Environmental agents are the main cause of the development of SCC, en- 
dogenous factors are the main cause for the development of adenocarcinoma 
of the esophagus. 

Smoking is the main cause of esophageal carcinoma. Approximately two 
thirds of cases of esophageal carcinoma are associated with smoking. Smok- 
ing increases the risk of SCC stronger (by 6-7-fold) compared with adeno- 
carcinoma (by 2-3-fold) of the esophagus. The role of smoking in the devel- 
opment of esophageal carcinoma is related to PAHs, nitrosamines and acet- 
aldehyde contained in tobacco smoke in high concentration. 

Use of smokeless tobacco (naswar, mawa, gudakhu, zarda, shammah, 
guthka, khaini, smuff) and betel quid (see page 233) is one of the causes of 
esophageal carcinoma. Smokeless tobacco and betel quid also contain most 
of the carcinogenic chemical compounds contained in tobacco smoke. These 
factors increase the risk of esophageal carcinoma by up to 3 times. 

Cannabis smoking and opium smoking increase the risk of esophageal 
carcinoma (by 2-fold) like tobacco smoking. The smoke of those contains 
the most of the carcinogenic chemicals contained in the tobacco smoke. 

Drinking alcohol regularly (alcohol abuse) is one of the causes of esoph- 
ageal carcinoma. Nearly 20% of esophageal SCC is associated with regular 
ly alcohol drinking. Daily drinking of 50 g alcohol increases the risk of 
esophageal SCC by $-6 times, Alcohol and smoking effects synergically 
with respect to development of esophageal carcinoma. 15 years after stop- 
ping alcohol drinking, the risk decreases to the level of that for alcoho! non- 
users, According to data from studies, carcinogenic effect of alcohol on the 
esophageal mucosa is stronger compared to smoking with regard to devel- 
opment of esophageal carcinoma, Of note, ethanol itself does. not possess a 
carcinogenic effect, as it cannot destroy DNA. The carcinogenic effect of 
alcohol is related to its metabolite, acetaldehyde (see page 322), 

‘The carcinogenic effect of ethanol depends on the aetvities of two enzymes (on the ra- 
tio oftheir activities, as well), which ae individual and racial; alcohol dehydrogenase (it 
catalyses alcohol to acetaldehyde) and mitochondrial acetaldehyde dehydrogenase (it cat- 
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alyses acetaldehyde to acetic acid), Approximately 30% of Asians and 40% of American 
Tp do Bre he shorn ir (ecteally, ioctoesSal ofc intr 


ase (they only have cytosol isoform of acetaldehyde dehydrogenase) because of that the 
titer of acetaldehyde reaches 5-20-fold higher level of that in people who have this en- 
zyme active (see page 31). For that reason, acute alcohol intoxication is observed more 
frequently in Asians compared with Caucasians. It is possible that higher rate of esopha- 
‘geal carcinoma in Asians is also related to this factor 

Regularly drinking hot maté is considered a probable cause of esophageal 
SCC. It is a traditional tonic drink in some countries in South America (es- 
pecially in Argentina), and contains high amount of caffeine, ‘This beverage 
is also consumed in Syria and Lebanon that are the main importers, Hot ma- 
16 is made from dried leaves of the plant called yerba maté (Ilex paraguar- 
iensis) and always drunk hot. People regularly drinking hot maté have a 1.6- 
2.6-fold higher risk of developing esophageal carcinoma, The carcinogenic 
effect of hot maté is explained by two independent mechanisms: first, ther- 
mal damage of esophageal mucosa; second, exposure to PAHs contained in 
this beverage. The urine of people consuming hot maté contains high con- 
centration of PAHs. It should be noted that people regularly drinking hot 
maté also have an increased risk of developing bladder carcinoma (see page 
547). 

Regularly drinking hot drinks other than hot maté (tea, coffee, ete.) is 
considered a possible cause of esophageal SCC. The results of studies con- 
ducted to clarify this relationship are characterized by controversies. Ac- 
cording to the most common opinions, this factor can increase the suscepti- 
bility of esophageal mucosa to true carcinogens, but itself does not possess 
an independent carcinogenic effect. 

Regularly consuming Asian style pickled vegetables is considered a prob- 
able cause of esophageal carcinoma, In high-risk areas of China, pickled 
vegetables are an integral part of the diet in many families and are eaten the 
whole year. These traditionally prepared pickled vegetables contain poten- 
tially carcinogens, N-nitroso compounds and mycotoxins due to growth of 
fungi and yeasts. This factor is associated with an increased risk of esopha- 
geal carcinoma (by 2-3 times). 
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Regularly consuming bread baked more than one week ago is considered 
a probable cause of esophageal carcinoma. It is explained by the fact that 
such moldy breads, the cause of which is Geotrichum candidum, contain 
acetaldehyde, which is classified as a carcinogenic agent. 

Regularly consuming foods contaminated with certain types of fungi 
(Geotrichun candidum, Fusarium sp.. Aspergillus sp., etc.) is considered a 
probable cause of esophageal carcinoma. These foods include grains (mostly 
Wheat, oflen rye, oats, barley) contaminated in field, sheaves or storehouse 
due to wet microclimate, Certain types of fungi (Penicillium camembert, 
Geotrichum candidum, Fusarium domesticum) are used in the production of 
some types of cheeses, on which these fungi form a hard, white crust. 

Regularly consuming processed meat (sausages, frankfurters, bacons, 
etc.) or high amounts of red meat is considered possible cause of esopha- 
geal carcinoma. These factors increase the risk of esophageal carcinoma by 
55-60%. 

Lack of vegetables and fruits in diet is considered one of the possible 
causes of esophageal carcinoma. Most of the conducted studies confirm re- 
verse relationship between regularly consuming fruits/vegetables (non- 
starchy) and incidence of esophageal carcinoma. 

Micronutrient deficiency (deficiency of some vitamins and microele- 
ments) is considered one of the possible causes of esophageal carcinoma. 
According to data from studies, deficiency of beta carotene, tocopherol, se- 
Ienium, zine and molybdenum in the body plays a significant role in esoph- 
ageal carcinogenesis. 

‘The results of randomized trials conducted in Linxian County, Shanxi Province (China) 
where the incidence of esophageal carcinoma is about 10 times higher than the average 
for all other regions of China. It should be noted that in the mentioned region of China, 


status of blood plasma, The role of zine deficiency in the body in inereasing the risk of 
esophageal carcinoma is explained by the fact that inthis condition, the carcinogenic ef- 
{et of nitrosamines increases. 
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Regularly consuming foods rich in nitrates and nitrites is considered one 
of possible causes of esophageal carcinoma (see page 319), 

Poor oral hygiene is associated with a 2-3-fold higher risk of esophageal 
carcinoma, Some authors consider this factor not to be an independent factor 
and to be related to smoking, regular alcohol consumption or poor socioec- 
‘onomic status. However, most of researchers explain this association by the 
following mechanisms: a) growth of oral microflora in people with poor oral 
hygiene forms nitrosamines (from nitrates existing in saliva) and acetalde- 
hyde, which are carcinogenic compounds: b) the esophageal mucosa is 
chronically irritated by poorly chewed food: c) feeding habits are altered in 
people with edentulism, due to that unbalanced diet can facilitate micronu- 
trient deficiency. 

Exposure to ionizing radiation is one of the causes of esophageal carci- 
noma. In developed countries, up to 3% of esophageal carcinoma cases are 
associated with this factor, especially related to radiotherapy (for breast car- 
cinoma, lung carcinoma, laryngeal carcinoma, oropharyngeal careinoma, 
Hodgkin lymphoma, etc.). The risk of developing esophageal carcinoma (of 
both histological types) is 4-S-fold higher in people received radiotherapy 
for aforementioned malignancies. It should be noted that esophageal carci- 
noma accounts for nearly half of the cancer cases related to radiation thera- 
py for breast carcinoma. 

According to data from some studies, HP1'16 infection is associated with 
an increased risk of developing esophageal carcinoma (by 2.5-3.5 times). 
HPV18 infection has not been found to increase this risk. 

Approximately half of esophageal carcinoma cases worldwide are registered in China 
(respectively, “485.800 and 293.000 new cases in 2012), The highest prevalence of HPV 
infection among patients with SCC of the esophagus is observed in China, according to 
polymerase chain reaction: 41.6% in China, 15.6% in Europe and Australia, and 16.6% in 
a ee a eso ae Farge fli ei wt Aen cia 
terized by a low incidence of esophageal SCC 


Precancerous lesions and diseases 


‘The risk of developing esophageal carcinoma (esophageal adenocarci- 
noma) is S-fold higher in people with gastroesophageal reflux disease 
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(GERD). The risk is much higher (by 7-8 times) in people feeling the symp- 
toms of reflux daily. The risk is also dependent on the duration of GERD; 
the risk is 3-fold higher in people with <10 years of GERD duration, and 6- 
fold higher in individuals with >20 years of this history. 

There is an opinion that the reflux of duodenal contents into the esophagus further in- 
creases the risk of developing esophageal adenocarcinoma. In patients with GERD taking 
proton pump inhibitors, the acidity ofthe gastric secretion decreases and, inthis state, the 
‘growing microflora in the stomach converts the cholic acid thrown into the stomach into 
eoxycholic acid and deconjupstes it (as in the terminal jejunum). Unconjugated deoxy- 
cholic acid, in turn. damages DNA through the formation of reactive axygen species 
(ROS), thereby, contributing to the malignization of the epithelium of the Barrett's esoph- 
‘gus (see below). It should be noted that recently, reliable data have accumulated that 15-~ 
45% of dividuals after gastrectomy with Roux-en-Y anastomosis develop alkaline re- 
flux esophagitis, which is often complicated by Barrett's esophagus 

Barrett's esophagus (intestinal metaplasia) is the result and a compli 
tion of longstanding GERD (Figure 13.1), and is characterized by replace: 
ment of normal squamous epithelium of the esophageal mucosa by various 
types of columnar epithelium (gastric or duodenal specific), the epithelium 
resistant to gastric juice (the squamous epithelium is not resistant do gastric 
or duodenal juice). It should be noted that in gastrointestinal tract, every dis- 
tal mucosa is resistant against more proximal part's juice, but in reverse or- 
der, resistance does not exist. Barrett's esophagus develops in 5-15% of 
people with GERD. and esophageal adenocarcinoma occurs in 1-5% of in- 
dividuals with Barrett's esophagus. More than 80% of patients with esopha- 
geal adenocarcinoma have been shown to have associated intestinal meta- 
plasia, Ultimately, Barrett's esophagus increases the risk for development of 
esophageal adenocarcinoma by 30-125 times. 

Plummer-Vinson syndrome (Pat- 
erson-Kelly syndrome) is a non- 
inherited disorder characterized by 
iron-deficiency anemia, esophageal 
web, atrophic glossitis and angular 
cheilitis (Figure 13.2). This syn- 
drome is mostly seen in white wom- 
en at age 40-70 years. Dysphagia 
due to membranous narrowing of 
the proximal esophagus is painless, 
and may be transitional and progres 
sive, Several theories have been put 


Figure 13.1. The endoscopic appearance of 
Barretts esophagus in a 61-year-old man 
with a longstanding GERD. 


; autoimmune, ete. 
these theories listed are characte- 


beginning of 20th century, today 
this syndrome is rare, which is ex- 
plained by improving of overall nu- 
trition resulted in reduction of the 
risk for development of iron- 
deficiency anemia. For unknown 
reason, approximately 10% of 
viduals with this 
esophageal carcinom: 

Achalasia cardia is a. prim: 
esophageal motility disorder char: 
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Figure 13.2 Membranous esophageal ring 
in a patient with Plummer-Vinsone syn- 
drome. Dia D, Gueye MN, Diallo $ et al. 
Plummer-Vinson's syndrome: an enigma in 
Senegal. J Gastroenterol Hepatol Endose, 
2019, 4: 1051. Available under the CC BY 
4.0 license. 


terized by loss of esophageal peris- 
talsis and impaired relaxation of the lower esophageal sphincter (due to de- 
generation of inhibitory ganglia in the wall of the esophagus) in response to 
swallowing. Therefore, these abnormalities cause functional obstruction at 
the esophagogastric junction. This disorder is typically diagnosed in people 
between ages 25 and 60 years with an incidence of 1/100.000. 3-7% of indi- 
viduals with achalasia cardia develop esophageal carcinoma during their 
lifetime. 

Congenital short esophagus is an esophageal malformation that is a rela- 
tively rare condition and associated with secondary intrathoracic stomach. 
Approximately 5% of individuals with this condition develop esophageal 
carcinoma during their lifetime. The increased risk of developing esophage- 
al carcinoma in those patients is explained by associated GERD. 

4-20% of people with an esophageal stricture following caustic (corro- 
sive) injury (due to alkaline or acidic agents) develop esophageal carcinoma 
during their lifetime. Esophageal stricture is the most common (70-90%) 
sequela of caustic injury to the esophagus. This cancer occurs in decades 
after caustic injury. In other words, the individuals with an esophageal stric- 
ture following caustic injury have a 1,000-fold higher risk of developing 
esophageal carcinoma during their lifetime compared with the general popu- 
lation. 

People with esophageal stricture following thermal injury have an in: 
creased risk of developing esophageal SCC. Approximately 1.4% of indi: 
viduals with this condition develop esophageal carcinoma during their life- 
time (in several decades after injury). Esophageal carcinoma in those people 
most commonly (75%) occurs in the middle-third of the esophagus. 

Obesity is one of the causes of esophageal carcinoma (adenocarcinoma). 
More than 20% of esophageal adenocarcinoma cases are associated with 
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obesity and excess bode mass. The relationship between obesity and higher 
risk of esophageal adenocarcinoma is explained by higher rate of GERD in 
people with obesity or excess body mass. 


Hereditary disorders 


‘The following well-known hereditary disorders are associated with an in- 
creased risk of esophageal carcinoma: 

+ Howel-Evans syndrome, 

* Fanconi anemia, 

* Bloom syndrome, 

= Peutz-Jeghers syndrome. 


Howel-Evans syndrome (tylosis) is an extremely rare (the prevalence is 
approximately 1/100.000) autosomal-dominant disorder that occurs due to 
germline heterozygous mutation in RHBDF gene (17q25.1), the function of 
Which is not fully known, The condition is characterized by palmar and 
plantar hyperkeratosis. The individuals with this syndrome frequently have 
also oral leukoplakia and multiple white papillomatous lesions, 2-5 mm in 
size throughout the esophagus (Figure 13.3). It should be noted that cutane- 
ous manifestations (palmar and plantar hyperkeratosis) of this disorder ap- 
pear at the age of 7-8 and later. Nearly 40% of individuals with tylosis de- 
velop esophageal carcinoma during 
their lifetime (95% until the age of 
65). Esophageal carcinoma associat- 
ed with this syndrome most com- 
monly occurs in the distal two-thirds 
of the esophagus. The mean age of 
the affected individuals diagnosed 
with esophageal carcinoma is ap- 
proximately 45 years, which is sig- 
nificantly earlier compared to that of 
sporadic cases, Esophageal carci- 


noma can also be detected at age 20 
years in individuals with tylosis. 
Fanconi anemia is associated 
with a 2.000-fold increased risk of 
developing esophageal SCC in addi- 
tion to many other characteristic 
carcinomas; COM, vulvar careino- 
ma, ete, (see page 242). This heredi 


Figure 13.3. Dysplastic esophageal fesion 
(arrowed) identified during routine screen- 
ing in a 57-year-old male with tylosis and a 
family history of esophageal cancer. Ellis A, 
Risk JM, Maruthappu T, Kelsell DP. Tylo- 
sis. with oesophageal cancer: diagnosis, 
mangement and molecular mechanisms. 


Orph J Rare Dis, 2015; 10: 126-131 Avi 
able under the CC BY 4.0 license. 
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tary disorder is characterized by extremely high risk of developing SCC at 
specific sites (anogenital and head and neck regions). The mean age of pa- 
tients with Fanconi anemia when esophageal SCC is diagnosed is 27 years. 
In literature, there was described a case of esophageal SCC in a patient with 
Fanconi anemia at the age of 14 years. 


Bloom syndrome is associated with an increased risk of developing 
esophageal SCC or adenocarcinoma in addition to many other epithelial, 
hematolymphoid and mesenchymal malignancies (see page 167), ‘The higher 
risk of developing esophageal adenocarcinoma is probably related to GERD, 
Which is observed in individuals with this disorder from childhood, 
‘Owing to the high sensitivity of patients with Bloom syndrome (due t0 Bloom syn- 
drome is one of the chromosome breakage syndromes) to DNA damaging factors, radio- 
therapy and chemotherapy should be given ata reduced dose andlor in shorter duration. 
Peutz-Jeghers syndrome is also associated with a 50-60-fold increased 
risk of esophageal carcinoma in addition to various intestinal and extraintes- 
tinal carcinomas (see page 403). 


Conditions associating with an increased risk of esophageal 
carcinoma 


‘The risk of developing esophageal carcinoma is 3-4 times higher in peo- 
ple with a family history of esophageal carcinoma, It may be related to 
‘common environmental factors or inherited genetic mutations. 

According to data from studies, the risk of developing esophageal carci- 
noma is 2-3 times higher in individuals with a history of some malignancies: 
laryngeal carcinoma, Hodgkin and non-Hodgkin lymphomas, breast carci 
noma, etc. In addition to other possible common factors, it may also be re- 
lated to radiation therapy given for the mentioned cancers. 

Excess body mass is one of the causes of esophageal adenocarcinoma 
(see above). 

Hiatal hernia is associated with a 2-6-fold increased risk of esophageal 
careinoma (adenocarcinoma), This association is explained by the accompa- 
nying GERD and subsequent Barrett's esophagus. 

Long-term treatment with medication causing esophagogastric sphincter 
relaxation (anticholinergics. theophylline, calcium channel blockers and ni- 
troglycerin, ete.) is associated with an increased risk (by 60-70%) of devel- 
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oping esophageal carcinoma (adenocarcinoma). This association is ex- 
plained by high rate of subsequent GERD. 

‘The risk of developing esophageal carcinoma is 2-4 times higher in peo- 
ple with chronic atrophic gastritis. This relationship is explained by produc- 
tion of carcinogenic compounds, such as nitrosamines in gastric lumen in 
individuals with chronic atrophic gastritis (see page 325). 

‘The risk of developing esophageal carcinoma is higher in people with a 
history of solid organ or stem cell transplantation. The tisk also is increased 
(by 1.5-2-fold) in patients with AIDS. 

‘The risk of developing esophageal carcinoma is 2-4 higher in individuals 
with autoimmune conditions. 

‘The risk of developing esophageal carcinoma is 2-4-fold higher in people 
with poor socioeconomic condition. 


CARCINOGENESIS 


As stated earlier, various environmental and intrinsic factors play role in 
the development of esophageal carcinoma, depending on histological types 
of the tumor. Depending on geographical region, lifestyle, nutritional habit, 
etc., different factors may be predominant. Therefore, depending on the pre- 
dominant etiological factors different somatic mutations can occur; hence, 
the mutational landscape of esophageal SCC is diverse in different regions 
and among different ethnic groups. Nevertheless, somatic 7P53 and 
NOTCH! gene mutations are the most frequent, regardless of geographic 
region and ethnicity. 


PATHOMORPHOLOGY 


Esophageal carcinoma is most commonly seen in two major histological 
types: squamous cell carcinoma (SCC) and adenocarcinoma, Very rarely 
can also be found undifferentiated carcinoma, carcinoma that does not 
demonstrate the properties of squamous and glandular epithelium. 

‘The both major histological types of esophageal carcinoma have different 
epidemiological, regional, etiological, anatomical properties. So, SCC is the 
prevalent histological variant in regions with a high incidence of esophageal 
carcinoma, On gross examination, esophageal SCC is usually circumferen- 
tial with sharp margin and are often ulcerated; polypod appearance may also 
be observed. Therefore, SCC is the most common histological type in Asia 
and Eastern Europe. Since the entire esophagus is covered with squamous 
epithelium, SCC can occur in any part (mainly in the proximal-to-middle 
esophagus) of the esophagus. 
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‘As the prevalence of smoking and alcohol consumption decreases in some countries, in 
parallel decreases also the rate of esophageal SCC (until 1970s, SCC was the most com- 
‘mon histological type of esophageal carcmoma in the United States, but now adenocarci- 
noma is the preponderant type). SCC of the esophagus is almost never seen in people 
{younger than 30, Environmental factors are the most responsible for the development of 
‘esophageal SCC 

On the contrary, adenocarcinoma is the predominant histological type in 
regions with a low incidence of esophageal carcinoma. Therefore, esopha- 
geal adenocarcinoma is the most common histological type in North Ameri 
ca and Westem Europe, The rate of adenocarcinoma of the esophagus is 
more steeply increasing in white men (gradually inereasing in men and 
women of all ethnicities). Esophageal adenocarcinoma is extremely rarely 
seen in people younger than 40. Endogenous factors are the most responsi- 
ble for the development of esophageal adenocarcinoma. Since esophageal 
adenocarcinoma arises from specialized intestinal metaplasia (Barrett's 
esophagus) that develops as a result of GERD, adenocarcinoma almost al- 
Ways occurs in the lower third of the esophagus. 

Both types of esophageal carcinoma spread through lymphatic and hema- 
togenous routes. Lymphatic metastasis is less frequent in adenocarcinoma 
compared with SCC due to altered histologic structure of the esophageal 
wall, including mucosa and submucosa (with their lymphatics) in the area of 
intestinal metaplasia and underlying chronic esophagitis, Hematogenous 
metastasis most commonly develop in the liver, lungs, bone and rarely in 
other distant organs, including adrenal glands and brain. 


Staging of esophageal carcinoma 
‘TNM staging of esophageal carcinoma is detailed on page 675. 


CLINICAL PRESENTATION 


Signs and symptoms of esophageal carcinoma may be due to primary 
tumor, regional or distant spread. Most of the patients (about 90%) have 
dysphagia at first presentation (due to obstruction of esophageal lumen by 
tumor mass), in most of the cases, which is the alone symptom leading the 
patient to the doctor. Esophageal carcinoma cases without dysphagia can 
only be detected occasionally on gastroscopy performed for stomach ab- 
normalities. Dysphagia initially occurs for solid foods; as the esophageal 
lumen gets narrowed further by growing tumor with time, liquids also passe 
with difficulty and eventually cannot pass. In advanced-stage esophageal 
carcinoma, as the tumor invades the adjacent anatomical structures, epigas- 
tric, retrostemal or/and back pains appear. 
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‘The patients can complain of cough (due to metastatic lung disease, tra- 
cheobronchial invasion of the tumor or frequent aspiration due to regurgita- 
tion). Intractable cough and frequent pneumonia occur in cases of esoph- 
agotracheal (esophagobronchial) fistula, When recurrent laryngeal nerve is 
involved (by primary tumor or regional bulky metastatic lymph nodes), 
hoarseness occurs (it is a sign of impossibility of radical-intent surgery). 
Bone metastasis can manifest with bone pain. 

Weight loss (the second most common sign following dysphagia, is seen 
in S0-60% of the patients) as a general sign occurs because of malnutrition 
(mostly because of inadequate nutrition, to some extent due to cancer- 
related anorexia), Iron-deficieney anemia can take place because of bleeding 
(obvious or occult) of fragile tumor tissue. Profuse bleeding from esophage- 
al carcinoma tissue is seen extremely rarely. 


DIAGNOSTICS 


Clinical examination (history taking, inspection, palpation, percussion, 
auscultation) can provide valuable information for diagnosis in patients with 
esophageal carcinoma. On inspection, no related signs can be detected in 
early-stage cases. The patients with longstanding dysphagia are malnour- 
ished and can be pale. Enlarged lymph nodes in laterocervical or supracla- 
vieular area can be observed and palpated. On auscultation of lungs, sounds 
characteristic of pneumonia can be heard in patients with aspiration or 
esophagotracheal (esophagobronchial) fistula. 

Despite the fact that barium swallow had been used for a long time as an 
alone objective imaging study (is very sensitive for detecting strictures and 
intraluminal masses) for diagnosis of esophageal carcinoma, today is rarely 
used for this purpose. 

Esophagogastroscopy should be used first as an informative imaging 
study in cases suspicious of esophageal carcinoma. ‘This diagnostic tool pro- 
vides visual detecting esophageal carcinoma (Figure 13.4), including early- 
stage lesions and taking biopsy samples for histopathological verification. 
Biopsy samples should be taken from all suspicious areas. 

‘The differentiation of SCC and adenocarcinoma is of clinical and prog- 
nostic relevance, and immunohistochemical staining is recommended in 
poorly differentiated and undifferentiated carcinomas in order to distinguish 
between the types. The immunohistochemical profile of esophageal SCC is 
similar to that of its skin counterpart: it expresses positive immuno} 
chemical staining for CK5/6, CK10. CK14, p16, and p63, but negative 
staining for CK7 and CK20. Esophageal adenocarcinoma usually expresses 
positive immunohistochemical staining for CK7, CK20, and AMACAR, but 
p16 is negative unlike SCC. 
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- ic x 4 
Figure 13.4, Various appearance of esophageal carcinoma in different patients: A ~ in 65- 
year-old female patient with adenocarcinoma of the distal-third esophagus, B — in 57- 
year-old female patient with SCC of the middle-third esophagus. 

After verification of primary tumor, staging procedures are conducted 
because decisions on the initial treatment approach for esophageal carcino- 
ma are taken on the basis of accurate clinical staging, CT scan of the neck, 
thorax and abdomen (with oral and intravenous contrasting) is very informa 
tive diagnostic modality for assessment of the parameters determining the 
clinical stage of the tumor (Figure 13.5): T (relationship to adjacent anatom- 
ical structures). N (enlargement of local, regional and extraregional lymph 
nodes), and M (for assessing Iung and liver metastasis). Pelvie CT scan is 
done when clinically indicated. Abdominal US can be carried out initially as 
simple and inexpensive test to exclude hepatic metastasis. 

In candidates for radical-intent surgery, EUS can also be carried out for T 
(can be assessed more precisely) and N (local and regional lymph nodes) 
staging. EUS demonstrates 80-92% sensitivity and 95-97% specificity for 
correct T-category evaluation, with 
lower informativity for N-catego 
assessment. EUS is also a very in- 
formative diagnostic tool for distin- 
guishing esophageal carcinoma from 
submucosal tumors 
leiomyoma, — primary 
lymphoma, ete.) 

When clinically 


indicated, 
\SFDG-PET scan (mostly conducted 
as PET-CT) can be carried out for 
more precisely staging (in terms of 


CT ‘appearance Of advanced 
esophageal carcinoma (arrows) in a 44-year- 
‘old male patient. The tumor does not invade 


lymphatic and hematogenous metas- 
tasis otherwise undetected) in pa- 


the adjacent anatomical structures. No en- 
larged mediastinal lymph nodes are seen, 
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tients who are candidates for esoph- 
agectomy (Figure 13.6), as the find- 
ing of otherwise unknown distant 


metastasis may prevent patients 
from futile surgery. 
Bronchoscopy is carried out in 


cases of tumor located at or above 
the carina with a suspicion of tra- 
cheal or bronchial involvement on 
the bases of CT scan to exclude tra- 
cheal (or bronchial) invasion 

In cases of esophageal SCC due 
to chronic tobacco or alcohol con- 
sumption, meticulous investigation 
of the oral cavity, oropharynx, hy 
popharynx, as well as larynx shoul 
be carried out to exclude a possible 
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Figure 13.6, Axial "FDG PET-CT fusion 
image of eT NO adenocarcinoma (arrow) of 
the distal-third esophagus, Mantziari 8, Po- 
moni A, Prior JO et al. 18F-FDG PET/CT- 
derived parameters predict clinical stage and 
Prognosis of esophageal cancer. BMC Med 
Imaging, 2020; 20,7, Available under the 
CCBY 40 license. 


synchronous second carcinoma in the aerodigestive tract. 

‘The examination of the patient should be complemented by medical risk 
assessment, especially in patients scheduled for multimodal therapy or sur- 
gery. In other words, after confirmation of the diagnosis and assessment of 
the stage of the tumor, the laboratory studies that include complete blood 
cell count (CBC) and comprehensive metabolic panel (CMP), are conduct- 
ed, These tests assess the function of the vital organs (bone marrow, liver 
and kidney) in conjunction with nutritional status of the patient, which eru- 
cially affect the treatment result (in terms of effect and complications). Dur- 
ing this stage of diagnosis, also the heart is assessed functionally and ana- 
tomically (by ECG and echocardiography). 

Histopathologic examination of surgical specimen (resectate) determines 
the histological type of carcinoma, its degree of differentiation, T-stage and 
's8 the removed lymph nodes, which are important for final pathologic 
ging and planning further treatment. 


ass 


TREATME 


Surgical management 

Nowadays treatment strategy for esophageal carcinoma depends on the 
stage and histological type of the tumor. For high-grade dysplasia (carcino- 
ma in sit) and Tla carcinoma (<2.0 em) endoscopic methods (endoscopic 
mucosal resection, endoscopic submucosal dissection and/or ablation) are 
the preferred options. Selected cases of T1b carcinoma can also be treated 
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With endoscopic resection. Ablation alone is the primary treatment option 
for high-grade dysplasia, For T1b adenocarcinoma with nodular disease 
(beyond TlaNO), esophagectomy (transhiatal, transthoracic or minimally 
invasive approach) is indicated; but Ivor-Lewis surgery should be preferred 
to less radical transhiatal esophagectomy. 


has traditionally been the main treatment modality for esophageal carcinoma, 


exoph- 
‘agectomy for intrathoracic esophageal carcinoma wus fulfilled by Franz Torek in 1913 
(he Unied Stes) witout proving pstonetial continay (he gry ended wih 
ésophagostomy and gastrostomy (Figure 13.7A), which were connected by rubber tube 
With one end inserted into the esophagostoma and the other end into the gastrostoma out- 
side the thorax). Nevertheless, the patient lived for 17 years after the surgery. 


‘The first single-phase transthoracic esophagectomy with intrathoracic esophagogastric 
anastomosis was performed by Tohru Ohsawa (Japan) in 1933. Ohsawa performed this 
eft oblique thoracoabdominal incision; through the seventh intercostal 


‘agogastric anastomosis in the left pleural cavity) during Ohsawa surgery. Currently this, 
type of subtotal esophagectomy is used rarely (mainly in non-specialized centers) due to 
‘high-risk for recurrent disease and greater complication rate. 


In SO are (ee ree pert see inet ee 


esophagogastric pleted with esophapogsstric 
‘right pleural cavity) during Lewis surgery (Figure 13.7C). Currently Lewis surgery is the 
mostly recommended and chosen surgery for esophageal carcinoma because of high-rate 
‘of RO resection and providing more LND. 


Since 1976, Mark Orringer (the United States) hod performed transhiatal esophagecto- 
my through upper midline laparotomy, left mediastinotomy (without thoracotomy) for 
carcinoma (Figure 13.7D). He proposed that this technique offered important 

tlvantage over traditional transthoracic esophagectomy;, primarily, avoidance of com 


formed for T1, node-negative carcinoma due to its disadvantage of inadequate LND. 


In 1976, McKeown (the United Kingdom) introduced three-incisional (upper midline 
Japoratomy, right anterolateral thoracotomy, left mediastinotomy) approach with anasto- 
‘mosis in the neck (Figure 13,7E). Despite the fact that this surgery can provide adequate 
‘LND and avoidance of anastomosis in the pleural cavity, this type of surgery’ is not rec- 
‘ommended in most expert centers due to its greater traumatism and long-term complica- 
tion such ns « recurrent stenosis of esophagogastric anastomosis, 
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igi. 


es EEC Cen 
‘esophagectomy: A —Torek surgery, B— 


‘esophapectomy 
surgery, green lines for Lewis's surgery. white lines for 
‘and McKeown surgery) 

Laparoscopic and thoracoscopic techniques, including robotic technique 
(minimally invasive esophagectomy) are increasingly employed in the sur- 
gical treatment of early-stage esophageal carcinoma. ‘These techniques can 
be used as a phase of hybrid procedure (with laparoscopic mobilization or 
with thoracoscopic mobilization) or without open phase of the surgical pro- 
cedure (with laparoscopic and thoracoscopic mobilization), Laparoscopic 
gastric mobilization is now the standard procedure, but safety of thoraco- 
scopic dissection should be confirmed in further randomized studies. The 
second procedure should be carried out only for selected patients with early- 
stage carcinomas. 

Minimally invasive esophagectomies reduce the trauma of the surgery 
and provide short hospital stay. Moreover, these procedures are associated 


plications. Nevertheless, minimally invasive esophagectomies should be 
performed in high-volume and expert centers. 

It should be noted that gastric reconstruction is the preferred option, irre- 
‘spective of the esophagectomy option chosen currently, In cases of impossi- 
bility of gastric reconstruction (due to previous gastric resection), jejunal 
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(more preferred) or colonic (less preferred) reconstruction is used. It should 
be noted that esophagectomy has high postoperative complication (pulmo- 
nary, septic, ete.) and mortality rates unless is performed in specialized 
high-volume centers. Therefore, as with other complex surgical procedures 
(cardiac surgery, hepatectomy, pancreatoduodenal resection, ete.), lowest 
mortality rate after esophagectomy is achieved in specialized centers when 
performed by high-volume surgeons. 


Radiotherapy, chemotherapy and molecular-targeted therapy 


For patients with T1b, N-positive or locally advanced resectable (T2-T4a, 
any N) esophageal carcinoma (adenocarcinoma and non-cervical SCC) neo 
adjuvant chemoradiation therapy with subsequent esophagectomy is th 
ferred option. It should be noted that neoadjuvant chemoradiotherapy 
perior to neoadjuvant chemotherapy due to the fact that the first approach 
provides better local control. Surgery alone is recommended as a primary 
treatment approach for T2NO esophageal carcinoma, despite the fact that 
50% of such patients have nodal disease at the time of surgery. Surgery 
alone is not a standard treatment in patients with locally advanced disease 
(cT3-T4 or NI-N3), and use of neoadjuvant therapy (chemotherapy or 
chemoradiotherapy) is the preferred strategy. 

Neoadjuvant chemotherapy (with platinum and fluoropyrimidine) or pre- 
operative simultaneous chemoradiotherapy (41.4-50.4 Gy) is the standard 
approach for locally advanced adenocarcinoma. Weekly or biweekly com- 
binations of oxaliplatin/S-FU or carboplatin/paclitaxel can also be consid- 
ered as standard treatment besides cisplatin/S-FU, which has long been the 
standard approach. It should be noted that direct comparisons between 
chemotherapy and chemoradiotherapy are rare with regard to oncological 
outcomes and survival, but neoadjuvant chemoradiotherapy is associated 
with higher postoperative mortality rate according to data, Even if morpho- 
logically complete tumor regression is achieved with preoperative chemo- 
therapy or chemoradiotherapy, operable patients should undergo surgery. 

Patients with locally advanced esophageal SCC benefit from neoadjuvant 
chemotherapy, or more likely to a greater extent, from neoadjuvant chemo- 
radiotherapy with higher rates of RO resection and better survival, The ree- 
ommended standard of care comprises weekly carboplatin/pactitaxel for 5 
weeks and concurrent radiotherapy (41.4 Gy in 23 fractions) followed by 
surgery. For complete morphological responders with SCC, the benefit/risk 
balance between surgery and close surveillance should be discussed. There 
are currently no data comparing neoadjuvant chemoradiotherapy followed 
by surgery with definitive chemoradiotherapy and salvage surgery on de- 
mand. Local recurrence rate may be higher with the non-surgical strategy. 


314 


Bayramov RB ‘Textbook of Oncology 


For patients with SCC, no adjuvant treatment is indicated following RO 
resection. Adjuvant chemotherapy following RO resection is indicated for all 
patients with esophageal adenocarcinoma, irrespective of nodal status. Post- 
operative fluoropyrimidine-based chemoradiation therapy (following RO 
resection) is indicated for all patients with node-positive T1-T2 adenocarei- 
noma, or with node-negative T3-T4 adenocarcinoma, and also for selected 
patients (with high-risk features) with T2 node-negative adenocarcinoma, 
Who have not received neoadjuvant therapy. Chemoradiation therapy may 
be offered to all patients with following R1 and R2 resection. 

Definitive chemoradiation therapy (with fluoropyrimidine- or taxane- 
regimens) is recommended for non-surgical patients with T1b, N- 

‘T2-T4a, any N esophageal carcinoma (SCC and adenocarcino- 
ma), of cervical SCC of the same stages and is preferred for all T4b (locally 
unresectable) carcinoma. For patients unable or unwilling to undergo sur- 
gery, combined chemoradiotherapy is superior to radiotherapy alone. The 
standard approach is 4 courses of cisplatin/S-FU combined with radiation 
doses of 50.4 Gy (in 28 fractions). For this purpose, the newer oxalipla- 
tin/fluoropyrimidine combinations can also be used as an alternative to the 
“classical” cisplatin/S-FU regimen. There is insufficient evidence to support 
the survival benefits of increased radiotherapy doses, as the safety and onco- 
logical benefits of doses >50.4 Gy are not yet available. It should be noted 
that in esophageal SCC, the value of palliative chemotherapy is less clear. 

‘Trastuzumab should be added to first-line chemotherapy in patients with 
HER2 overexpressing advanced or metastatic adenocarcinoma. Ramu- 
cirumab, either as a single agent or in combination with paclitaxel is also 
recommended for treatment of patients with adenocarcinoma of the esoph- 
agogastric junction (EGI) refracory to or progressive after first-line chemo- 
therapy with platinum- or fluoropyrimidine-based regimens. 

Recently (in 2019), pembrolizumab (anti-PDI monoclonal antibody) was 
approved for cases of locally advanced, metastatic or recurrent esophageal 
SCC with PD-LI expression. Newly, (in 2021) nivolumab (anti-PD- 
Imonoclonal antibody) was approved in combination with fluoropyrimi- 
dine- and platinum-based chemotherapy for advanced and metastatic esoph- 
ageal adenocarcinoma and carcinoma of the EGJ. 


Palliative care 


Patients with esophageal carcinoma who have serious dysphagia and are 
not candidates for radical-intent treatment (due to poor clinical condition or 
metastatic disease), should receive palliative management, which include 
providing relief of suffering and improvement of the quality of life. These 
measures also may result in significant prolongation of life. For palliative 
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management of dysphagia, there are 
some available methods employed 
currently: 1) endoscopic lumen dila- 
lation (using bougies or baloons); 2) 
stenting procedure with _self- 
expandable metal stenting (Figure 
13.18); 3) jejunostomy or gastros- 
tomy (surgical, laparoscopic or radi- 
ological); 4) EBRT; 5) brachythera- 
py; 6) chemotherapy; 7) laser thera- 
Py (With photosensitizer porfimer 
sodium); 8) PDT (with photosensi- 
tizer porfimer sodium). 

It is important to note that endo- 
scopic stenting should not be used in 
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Figure 13.18, Stent placement in patients 
with esophageal carcinoma for palliation. A 
= non-expanded stent with metallic guide 
inside is seen: B— final view of the expand- 
ed stent. Note the compression (arrows) of 


operable patients with locoregional —% &*Panded stent by the tumor. 
disease and alternative routes of feeding (e.g., tube-jejunostomy) are pre- 
ferred in such cases. 

It should be noted that radiotherapy is successful in providing relief of 
dysphagia in nearly 30% of the cases. Laser therapy and photodynamic ther- 
apy can also help to achieve temporary relief of dysphagia in approximately 
70% of patients. But chemotherapy alone is effective in few cases of dys- 
phagia: therefore. it has limited use for this purpose. It should be noted that 
in esophageal SCC, the value of palliative chemotherapy is less clear. So, 
results are generally inferior to those in esophageal adenocarcinoma. 


PROGNOSIS 


Prognosis for esophageal carcinoma depends on the stage of the tumor. 
SCC and adenocarcinoma appear to have similar survival rates for every 
stage of the disease. Lymph node involvement and distant organ metastasis 
are the major negative predictive factors for prognosis. 

S-year survival rate for esophageal carcinoma reaches 45-50% for loval- 
ized disease; 25-26% for regional disease; 4-5% for systemic disease. 5-year 
survival rate constitutes 19-20% for all stages combined, 

HER-2-positivity and HER-2 gene amplification are independent nega- 
tive prognostic factors for esophageal adenocarcinoma. 


PREVENTION 


As development of esophageal carcinoma is greatly associated with envi- 
rotimental factors and conditions associated with GERD, it is one of the ma- 
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lignancies with highest rate of preventability, Nearly 90% of cases of esoph- 

ageal carcinoma can be prevented by following some measures. The follow- 

ing measures are capable of reducing the risk for the development of esoph- 
ageal carcinoma: 

* Avoiding (quitting) smoking, as nearly two-thirds of esophageal carci- 
noma are attributable to tobacco smoking: 

* Reducing alcohol consumption to a minimum if possible; 

= Control a healthy body weight through physical activity and well- 
balanced diet; 

* Following a diet rich in vitamin E and beta carotene; 

* Having a balanced diet rich in vegetables and fruits; 

* Timely and adequate treatment of GERD for preventing the development 
of Barrett's esophagus, which is associated with high rate of esophageal 
adenocarcinoma; 

* Regular check-ups for members of families with Howel-Evans syndrome, 


Screening for esophageal carcinoma 


‘There are no standard or routine screening tests for esophageal carcinoma 
in the United States. This is because no screening test has been demonstrat- 
ed to reduce the risk of death from esophageal carcinoma in people who are 
at average risk. However, people who are at a higher risk of developing 
esophageal carcinoma, such as with Barrett's esophagus, should be followed 
more closely to look for premalignant conditions and early-stage carcinoma. 
Patients with Barrett's esophagus are recommended to get screened for 
esophageal carcinoma every three years. Esophagoscopy is the gold stand- 
ard for this purpose. 


Follow-up for esophageal carcinoma survivors 


Recommendations, regarding follow-up of patients treated for esophageal 
carcinoma include the followings: physical examination every 3 months for 
the first 2-3 years and thoracoabdominal CT scan every 6-12 months for 2-3 
years, then once annually. Esophagogastroscopy should be performed if 
clinically needed. 
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EPIDEMIOLOGY AND STATISTICS 


Gastric carcinoma is one of the most common malignant tumors (the Sth 
among all malignant neoplasms after lung carcinoma, breast carcinoma, 
prostate carcinoma and colorectal carcinoma) worldwide. In 2020, 
1.089.103 new cases of gastric carcinoma were registered worldwide, ac- 
counting for 5.6% of all cases of cancer (in 2008, about 989.000 and 7.8%; 
in 2012, about 951.600 and 7%; in 2018, about 1.033.700 and 6.1%, respec- 
tively), excluding cutaneous carcinoma. Gastric carcinoma accounts for 90- 
95% of malignant tumors arising from stomach. 

Gastric carcinoma is about 2 times more common in men compared with 
women. The mean age of patients with gastric carcinoma is 55 years. Only 
‘5% of gastric carcinoma cases are found in people aged <40 years. 

Korea has the highest incidence of gastric carcinoma, followed by Mon- 
golia, Japan, Guatemala and China. Approximately 60% of gastric carcino- 
ma cases worldwide occur in three countries: in Japan, Korea and China. 
Eastern Europe is the next region with a high incidence of this cancer. The 
lowest incidence of gastric carcinoma is observed in Africa, Northern Amer- 
ica, Northern Europe, Australia and New Zealand. Compared with the Unit 
ed States, in the countries of Easter and Souther Europe gastric carcinoma 
occurs 2-3 times more often. The incidence of gastric carcinoma in Japan is, 
10-15 times higher compared with the United States. 

In migrants from countries with a high incidence of gastric carcinoma, the risk remains 
high as in the country of origin, but im subsequent generations the risk approaches that in 
the country of resettlement, due to a change in diet and a decrease in the risk of H. pylori 
infection 

Since 1930, there has been observed a decrease in the incidence of non- 
cardiac gastric carcinoma by 0.5-1° for each subsequent year worldwide. It 
should be noted that the incidence is declining in all regions of the world, 
regardless of the level of risk of developing this cancer, with the exception 
of Mongolia, Japan and Korea, where, on the contrary, this incidence is in- 
creasing, 
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‘The incidence of gastric carcinoma (of the middle and distal stomach) tends to decrease 
inall regions of the world, excluding Mongolia, Japan and Korea as stated above. In con- 
trast, the incidence of proximal gastric carcinoma continues to rise: in the last four dec- 
ades alone, it has increased 3-fold in some European countries. The decrease in the inci- 
dence of stomach carcinoma is du to the availability of fresh food (due to the widespread. 
use of refnigerators because of that salted and smoked foods are being consumed rarer) 
tind a decrease in H. pylori infection incidence owing to improved sanitation and the use 
of effective antibiotics. It should te noted that the decrease in the incidence of gastric 
carcinoma occurs due to a decrease in the incidence of intestinal type of gastric carcinoma 
according to Lauren classification (see below). 

In 2020, there were 768.793 cases of death from gastric carcinoma 
worldwide (in 2012, about 723.100). which accounted for 7.7% of all cases 
of cancer-related death and ranked third following lung carcinoma and liver 
carcinoma, 


ETIOLOGIC FACTORS 
Environmental factors 


‘The typical diet in many countries contains nitrates, nitrites, and nitros- 
amines, which are considered a probable cause of gastric carcinoma (Figure 
14.1). Nitrates are mainly found in vegetables and fruits. which are the main 
component of a healthy diet. Along with this, nitrites and nitrates are often 
used as food additives in the manufacture of ham, bacon, sausages and 
frankfurters in order to slow down the spoilage of these foods and give it a 
characteristic color (nitrites and nitrates are color fixatives in food technolo- 
gy, identified as E249, E250, E251, £252). In addition, sodium nitrite pre- 
vents the growth of Clostridium botulinum in these foods. Consuming large 
amounts of processed meat increases the risk of gastric carcinoma, in patho- 
genesis of which nitrates and nitrites are thought to be the main cause, It 
should be noted that nitrates and nitrites in such a chemical composition do 
not cause cancer, they form nitrosamines, which are strong carcinogens, N- 
nitrosodimethylamine is the main nitrosamine found in foods. N- 
nitrosodimethylamine is formed by the reaction of secondary and tertiary 
amines (amines are found in food) with a nitrosating agent. In food, the ni- 
trosating agent is nitrous anhydride (N203), which is formed from nitrites 
in a slightly acidic aqueous environment. Ascorbic acid (vitamin C, identi- 
fied as E300) and sulfur dioxide (SO2, identified as E220) are used to sup- 
press this process in food. Due to the limitation of analytical technology. it 
is not always possible to determine the concentration of nitrosamines in 
foods. It should be noted that the main and crucial part of nitrosamines, 
Which plays a role in the development of gastric carcinoma, is formed in the 
stomach from nitrates and nitrites found in food. As stated above, from ni- 
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Figure 141. Dose-response unalysis of dietary nitrites (A), nitrates intake (B) and the risk 
‘of developing gastric cancer. The solid line represents estimated relative risks and dashed 
lines are their 95% Cls, The dotted line represents the null hypothesis of no association. 
Song P, Wu L, Guan W, Dietary nitrates, nitrites, and nitrosamines intake and the risk of 
ste cancer: 9 meteanayss. Nutrients, 2015, 7: 9872-9895. Available under the CC 


trites (existing as sodium nitrite in food or formed as a result of the reduc- 
tion of sodium nitrate, which is found in food, water, saliva by means of 
symbiotic oral bacteria or microbiota that grows abundantly in atrophic gas- 
tritis) nitrous anhydride is formed in a weak acidic environment, which by 
reaction with amides or amines tums into carcinogenic N-nitroso com- 
pounds (nitrosoamines and nitrosoamides). Amines and amides are very 
common in nature: they are the main components of proteins, enzymes, nu- 
cleic acids, as well as drugs containing alkaloids, etc. 


Approximately 50-130 mg of nitrates and 1 pg-S mg of nitrites enter the body daily. 
Sources of nitrates are vegetables (nitrates in the form of ammonium nitrate are widely 
‘used as a fertilizer) and water, but of nitrites are cheese and processed meat. products 
(ham, bacon, ssusages and frankfurters) for the manufacture of which, nitrites, as stated 
above, are used as food additives. Approximately 3-7%% of the nitrates that enter the body 
‘re converted into nitrites. 20% of nitrites enter the body in food, and 80% are formed 
from nitrates in saliva. Tt shoul be noted that in terms of gastric carcinoma risk, nitrates 
found in food (with vegetables) differ from nitrates existing in water, since vegetables 
contain vitamin C and beta-carotene, which through the mechanisms described below, can 
‘et ns n protector agminst gastric carcmoma. Therefore, some researchers believe thit ni- 
‘rates in the water are mostly associated with the risk of gastric cancer. Some experts sup- 
pose that nitrates may be involved in the pathogenesis of gastric carcinoma only’ in the 
presence of H. Pylori infection or an abundantly growing microbiota m the stomach (with. 
atrophic gastritis), which contribute to the conversion of nitrates to nitrites, as stated 
above, Otherwise, nitrates may play a protective role in relation to the development of 
gastric carcinoma. 


Consuming processed meat regularly is considered a possible cause of 
gastric carcinoma, and its involvement in the development of gastric carci- 
noma is associated with its content of nitrates, nitrites and nitrosamines (see 
above). 
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Regularly consuming foods rich in benzopyrene is considered one of the 
factors that increase the risk of developing gastric carcinoma, Benzopyrene 
is found in especially high concentrations in well-done meat and chicken, in 
smoked meat and fish products, and in meat and chicken in the form of a 
barbecue. 

Regularly consuming large amounts of salt and oversalted foods, as well 
as salted fish according to Chinese traditional technology, is considered a 
probable cause of gastric carcinoma. About 25% of gastric carcinoma cases 
(31% in men, 12% in women) in the United Kingdom are associated with 
the use of more than 6 g of salt per day. People who consume a lot of salt 
have a 70% increased risk of gastric carcinoma compared with those who 
use little salt. There are various suggestions about the role of high salt intake 
in increasing the risk of gastric carcinoma. It is thought that excess salt in- 
take may increase the risk of gastric carcinoma, especially in people with #. 
pylori infection. It is believed that salt increases the growth of H. pylori, 
thereby increasing the risk of developing stomach carcinoma. At the molec- 
ular level, salt potentiates the H. pylori CagA gene, which is an important 
determinant of the carcinogenicity of this infection. It is not excluded that 
the irritating features of the salt in relation to the epithelium of the gastric 
‘mucosa may play an important role in increasing the risk of this cancer, 

Fish salted according to Chinese traditional technology contains a high concentration of 

‘N-nitroso compounds and their precursors. Such fish is classified by IARC in the group I 
of carcinogenic agents (a group of agents with proven carcinogenicity) as a cause of na~ 


ed with a 3.5-5.5-fold increased risk of developing gastric carcinoma. This factor is asso- 
ciated with an increased risk of developing carcinome of both the distal and middle thirds 
of the stomach, and of the gastric cardia 

Regularly consuming Asian style pickled vegetables is considered a prob- 
able cause of gastric carcinoma in addition to esophageal carcinoma (see 
page 300), According to data, this factor is associated with an increased (by 
50%) risk of gastric carcinoma. 

Alcohol abuse, drinking more than 45 g of alcohol per day is considered 
a probable cause of gastric carcinoma. The risk of developing gastric carci- 
noma is about 25% higher in people who drink 50 g of alcohol per da 


‘There is evidence that people who regularly consume large amounts of 
cohol have a 2-3 times higher risk of gastric carcinoma compared to 0: 
jonal drinkers. 
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nic alcohol intake induces cytochrome PaS0 2E1 (CYP2E1) in many organs, including 
the gastrointestinal tract, which promotes the process of converting procarcinogens to 
carcinogens (procarcinogens are found in alcoholic beverages, cigarettes and food) 
‘Along with this, alcohol can act as solvent for some carcinogens and thus help them to 
enter the cells of the gastric mucosa. Inthe body. by means of CYP2E1, aleohol is con- 
verted to acetaldehyde, which promotes carcinogenesis through causing point mutations, 
sister chromatid exchange, and mutagenic DNA adducts, which leads to metuplasia in the 
‘gastric mucosa, 


‘Acetaldehyde is classified by IARC in the first group of carcinogens; it can eausse DNA 
damage in the cells ofthe gastrointestinal mucosa, After alcohol intake, a high concentra- 
tion of acetaldehyde caused by oral microflora can be observed in saliva, since, depending 
on the polymorphism of the gene encoding alcohol dehydrogenase, ethanol can be exeret- 
cd in saliva (see pages 31 and 299), Acetaldehyde in saliva, in tum, increases the risk of 
carcinoma of the esophagus and stomach. 

Consuming insufficient amounts of fruits and vegetables is associated 
with an increased risk of developing gastric carcinoma. In other words, eat- 
ing sufficient fruits and vegetables is a likely preventive factor against gas- 
tric carcinoma. The explanation to this is that fruits and vegetables contain 
vitamins C and E, B-carotene (provitamin A), carotenoids, flavonoids, etc., 
which have an antioxidant activity (vitamins C and E, B-carotene carote- 
noids, flavonoids) or inhibit the formation of nitrosamines (vitamins © and 
E), Most studies have found a preventive role for vitamin C and f-carotene 
in gastric carcinogenesis, others have shown conflicting results. 


‘Consumption of fruits and vegetables below the norm causes a lack of vitamin C and - 
carotene, thereby increasing the risk of developing gastric carcinoma. Homo sapiens is 
one of the mammals that are not able to synthesize vitamin C. Vitamin C has a strong 
reducing activity, thereby not only prevents the formation of N-nitroso compounds, but 
also neutralizes and climinates reactive axygen metabolites, which are synthesized by 
inflammatory cells (neutrophils, monocytes) and released in large quantities in gastritis 
caused by H, pylori. It should be noted that the epithelial cells of the gastric mucosa ac- 
tively secrete ascorbic acid into the gastric lumen. as a result of which the concentration 
of vitamin C in gastric juice is higher than in blood plasma. In gastritis caused by HH. pylo- 
7%, the concentration of vitamin C in the gastric juice is significantly reduced, sometimes 
even absent, and afer the eradication of this infection, the ascorbic acid titer is restored to 
‘normal level. In addition, vitamin C in the gastric juice is very unstable in the presence 
‘of H. pylori infection and is degraded within 30 minutes. 

Low titer of selenium (Se) in the blood (lack of selenium in the body) is 
associated with an increased risk of developing gastric carcinoma. It is be- 
lieved that 25% of gastric carcinoma cases in China are due to a lack of se- 
Jenium in the body. Selenium is a very important trace element, which is 
necessary for the formation and functioning of at least 13 proteins. Most Se 
proteins have pleiotropic effects ranging from antioxidant to anti- 
inflammatory, Daily intake of selenium is recommended in the range of 50- 
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150 jig. The main sources of selenium are meat, eggs, milk. dairy products, 
fish, ete. 

The content of selenium in food depends on its content in the soil where the plants are 
grown. A low content of selenium in the soil (<0.05 ppm) is characteristic of New Zea- 
land, Finland and some regions of China. High selenium content inthe soil (>S ppm) is 
observed in Canada, in the northern states of the United States, in Ireland, France and 
Germany. 

Smoking is considered one of the causes of gastric carcinoma. More than 
20% of cases of gastric carcinoma are associated with smoking. The risk of 
gastric carcinoma is 80-100% higher in male smokers and 20-80% higher in 
female smokers compared with never-smokers (men and women, respec- 
tively), Smoking increases the risk of both carcinoma of the gastric cardia 
(by 3 times) and non-cardiac gastric carcinoma (by 50%). The risk is corre- 
lated with the number of cigarettes smoked per day and the duration of 
smoking. The risk of gastric carcinoma is not higher in ex-smokers com- 
pared to never-smokers. It should be noted that smoking together with aleo- 
hol intake is associated with a 5-fold increased risk of non-cardiac gastric 
carcinoma. 

According to the National Research Council, the stomach is a sensitive 
organ to the carcinogenic effects of ionizing radiation. Exposure to ionizing 
radiation (X-rays and gamma rays) is considered one of the causes of gas- 
tric carcinoma. An estimated 1% of gastric carcinoma cases in the United 
Kingdom are attributable to exposure to ionizing radiation (radiotherapy and 

diagnostic radiation). There is evidence of an increase in cases of death from 
gastric carcinoma among workers in the radioactive industry, Survivors of 
the atomic bomb during World War II and people who were exposed to ra 
diation from a nuclear reactor accident have an increased risk of developing 
gastric carcinoma. 

H, pylori infection is considered one of the causes of gastric carcinoma, 
H. pylori is a Gram-negative bacterium that selectively colonizes the gastric 
mucosa, Unlike other microorganisms, #7. pylori has developed the ability to 
colonize in an acidic environment due to the urease enzyme it produces, 
Which converts urea to ammonium, creating neutral environment that en- 
velops this bacterium. This infection increases the risk of developing gastric 
carcinoma (non-cardiac carcinoma) by 6 times, More than 30% of gastric 
carcinoma cases are attributable to this infection. 1-2% of individuals in- 
fected with H. pylori infection eventually develop gastric carcinoma. In 
about 90% of cases of gastric carcinoma of intestinal type according to Lau- 
ren, H. pylori artifacts are found in the cells of the tumor and the surround- 
ing tissue (in about 30% of cases of diffuse type). Ultimately, approximately 
60% of all gastric carcinoma cases are associated with H. pylori. 
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‘More than 10 years pass between the first positive H. pylori status and detection of gas- 
tric earcinoma. The risk of gastric carcinoma is significantly higher in the presence of 
CagA (cytotoxin-associated gene A) positive H. pylori compared with CapA-negative 
strains, Cag exists in about 60% of all strains reported in Europe and in 100% of cases 
in East Asian countries. The role of H. pylori in the development of gastric carcinoma is, 
partly explained by the fact that this infection contributes to the conversion of nitrates that 
enter the stomach in the saliva and food into N-nitroso compounds, which are one of the 
strongest carcinogenic agents for the gastric mucosa (see above). In addition, it is be- 
lieved that the immune response is not effective to eliminate H. pylori, and the presence 
of this infectious agent in the gastric lumen causes an inflammatory response from the 
epithelium of the gastric mucosa, As a result of a long-term persistent inflammatory pro- 
cess, damage to epithelial cells and loss of glandular cells of the gastric mucosa (atrophia) 
can occur. Subsequently, glandular cells may be replaced by sn intestinal phenotype 
(metaplasia). If persistent damage to the gastric mucosa keeps on, dysplastic changes and 
malignant transformation may occur. 


“Although H. pylori was discovered in 1983 as the cause of gastritis, genetic studies con- 
firm that this microorganism has coexisted with humans for at least the past 58,000 years, 
LH, pylori is the most common etiological factor for malignant tumors associated with in- 
fection. It should be noted that the share of malignant tumors associated with infectious 
agents accounts for approximately 18% of all cases of malignant neoplasms, 5.5% of 
which are attributable to H. pylart. 

EBV infection is considered a probable cause of gastric carcinoma. Ap- 
proximately 10% of gastric carcinoma cases are associated with EBV. EBV 
is a ubiquitous human herpesvirus 4 (HHV-4) with oncogenic activity (see 
page 645), EBV can be found in tumor cells of lymphoid and epithelial ori- 
gin, such as Burkitt lymphoma and 
nasopharyngeal carcinoma. EBV- 
associated gastric carcinoma ac- 
counts for approximately 10% of all 
gastric carcinoma cases worldwide 
(gastric carcinoma is the most com- 
mon cancer associated wi 
should be noted — that 
associated gastric carcinoma 
mostly non-antral gastric cancer 
(Figure 14,2). In other words, EBV- 


Figure 14.2 Endoscopic picture of EBV- 
associated gastric carcinoma, The tumor- 


associated gastric antrum carcinoma 
accounts for only 3% of all carci- 
nomas of this location. Gastric 
stump carcinoma is characterized by 
a high rate (25-40%) of association 
with EBV infection. 


like appearance of the submucosa is one of 
the gross features of EBV-associated gastric 


carcinoma. Nishikawa J, lizasa H, Yo- 
shiyama H et al, Clinical importance of Ep- 
stein-Barr virus-associated gastric: cancer, 
Cancers (Basel), 2018; 10: 167, Available 
under the CC BY 40 license. 
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Unlike B-lymphocytes, epithelial cells do not have CD21 on the membrane surface, 
hich by binding to EBV, helps it to penetrate ito the cells. Human epithelial cells are 
highly resistant to the EBV virus that exists outside the cells. Thus, the mechanism, 
through which epithelial cells get infected by EBV. remains unknown so far, It is as- 
sumed that EBV penetrates into epithelial cells via contact with infected B-lymphocytes. 
Tt has been suggested that oversalted food intake and exposure to wood dust and iron fil- 
ings (due to peculiarity of occupation) damage the gastric mucosa, thereby increasing the 
risk of developing EBV-associated gastric carcinoma. 


EBV is spread by the oral route. It should be noted that this virus is common in 90-95% 
of adults in developed countries. Unlike Burkitt lymphoma and nasopharyngeal carcino- 
ma, which are endemic, EBV-associated gastric carcinoma is non-endemic and occurs 
worldwide. The proportion of EBV-associsted gastric carcinoma ranges from the highest 
in the United States and Germany (16-18%) to the lowest in China (about 4%), EBV- 
‘associated gastric carcinoma has a relatively favorable prognosis. 


EBV-associated gastric carcinoma is mainly seen in men and affects the proximal and 
‘middle third of the stomach as stated above. Outwardly, it is depressed (concave), super- 
ficial at early stage and ulcerated, saucer-shaped i the later stages. The tumor-like ap- 
pearance of the submucoss is one of the features of EBV-associated carcinoma, which is. 
most likely associated with abundant lymphoid infiltration (Figure 14.2). Histologically, 
this carcinoma is poorly differentiated, diffuse type according to Lauren, with dense infil 
tration of lymphocytes and a lymphoid stroms (according to this feature, it resembles 
EBY-associated nasopharyngeal carcinoma), S16 of gastric carcinomas with lymphoid 
stroma are associated with EBV. Considering the fact that EBV-associated gastric carci- 
‘noma often develops against the background of chronic gastritis caused by H. Pylori, the 
surrounding mucosa may be atrophied with intestinal metaplasia (therefore, EBV- 
‘ssocinted gastric carcinoma can also demonstrate the Lauren intestinal type), Lymphatic 
metastasis develops less frequently, 


Preeancerous diseases and lesions 

‘The risk of developing gastric carcinoma is very high in people with 
chronic atrophic gastritis. Chronic atrophic gastritis is a chronic atrophic 
condition of the gastric mucosa characterized by loss of glandular structures, 
which are replaced by connective tissue (non-metaplastic atrophy) or inap- 
propriate glandular structures, intestinal-type epithelium or pyloric-type 
glands (metaplastic atrophy). Atrophy of the gastric mucosa is the end result 
of H. pylori infection or an autoimmune process against the glandular cells 
of the stomach. It should be noted that /7. pylori-associated atrophic gastritis 
is often a multifocal process and involves the antral mucosa and the oxyntic 
mucosa of the body and gastric fundus. But autoimmune atrophic gastritis is 
restricted to the gastric corpus-fundus mucosa. Approximately 20% of peo- 
ple in Europe and the United States under the age 40 years and 50% of the 
population over age 60 years have chronic atrophic gastritis. 
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Chronic atrophic gastritis is often associated with two types of tumors, intestinal type 
‘gastric carcinoma and type I gastric neuroendocrine tumors. It should be noted that the 
pathological mechanisms that lead to the development of these tumors are different, It is 
generally accepted that the multi-step process that is initiated by 12. pylori-associated 
chronic inflammatory condition of the gastric mucosa progresses to chronic atrophic gas- 
trtis, intestinal metaplasia, dysplasia, and eventually gastric carcinoma. 


‘Chronic gastritis secondary to H. pylori infection has been considered a major predis- 
posing factor for MALT lymphoma as well. In other words, patients with H, pylori- 
induced chronic gastritis are at risk to develop gastric MALT lymphomas, According to 
data, gastric MALT lymphomas are strongly associated with H. pylon infection, In the 
last years, it has been discovered that H. pylort infection also play's a role in the develop- 
ment of gastric diffuse large B-cell lymphoma (DLBCL) and few studies have shown 
‘complete remission after eradication therapy alone. Although the stomach is devoid of 
lymphoid tissue, it is the organ most commonly involved of MALT lymphoma, especially 
the antrum and distal body. Lymphoid cells are attracted and transformed into gastric 
MALT tissue by a chronic H. pylori infection Lymphoid follicles develop in the setting 
of chronic inflammation (gastritis) associated with H. pylori infection. It is evidenced by 
‘the fact that the rate of Hl. pylori infection is >90% among patients with MALT lympho- 
ma, These lymphoid follicles resemble lymph node tissue and are composed of activated 
plasma cells, B-cells and reactive T-cells. When these cells are continuously stimulated 
by H. pylon, the B-cells undergo clonal expansion. Overtime, B-cell clones that still de- 
pend on antigens for growth and survival, acquiring unknown genetic mutations, give rise 
‘to MALT lymphoma. 

In chronic atrophic gastritis, the risk of gastric carcinoma depends on the 
extent of atrophy and metaplasia of the gastric mucosa (Figure 14.3). In pa- 
tients with atrophic gastritis of the antrum, the risk of developing stomach 
cancer is 1% per year. There is evidence that one out of nine patients with 
chronic atrophic gastritis develops gastric carcinoma within 10 years. This 
risk is much higher when atrophic gastritis involves also the body of the 
stomach, ‘The risk of developing 
gastric carcinoma in patients with 
chronic atrophic gastritis closely 
depends on the H. pylori status: this 
infection raises the risk much high- 
er, This risk also depends on the age 
of the patient: in patients older than 
45 years, the risk is approximately 2 
times greater than in younger p. 
ple. 

Patients with pernicious anemia Nees 14.3, "Cobblestone" sopearace uae 
have a 3-18 times higher risk of de- Gastric mucosa in a patient wil 
veloping gastric carcinoma compa- 8? °F shronie atrophic gastritis. 
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red with the general population. This is due to the fact that pernicious ane~ 
mia develops as a result of chronic atrophic gastritis. Thus, pernicious ane- 
mia and gastric carcinoma are not related by the law of “cause and effect’ 
both diseases are consequences of the same cause, chronic atrophic gastritis. 
It should be noted that pemicious anemia develops as a result of autoim: 
mune (type A chronic gastritis), but not 7. pylori-associated atrophic gastri- 
tis (type B chronic gastritis). 

According to epidemiological studies conducted on a large group of pa- 
tients, the risk of developing gastric carcinoma is approximately 2 times 
higher in patients with gastric ulcer within S years after diagnosis. This as- 
sociation is explained by common etiological factors (chronic atrophic gas- 
tritis and 1, pylori infection) that contribute to the development of both 
eases. It should be noted that as the gastric ulcer is located more proximally 
the risk of developing gastric carcinoma is much higher. It is explained by 
the fact that proximally located gastric ulcers are associated with more ex- 
tensive area of gastric atrophy and much lower gastric acidity 

Gastric adenomas are precancerous conditions. Unlike hyperplastic 
polyps, which account for 75% of gastric polyps. adenomas have a very 
high risk of malignancy. Gastric adenomas account for approximately 10% 
of gastric polyps and are mainly localized in the antrum. Rarely, they can be 
observed in the body of the stomach or in the gastric cardia. They may be 
polypoid or flat (Figure 14.5). Gastric adenomas may occur sporadically or 
as a manifestation of hereditary syndromes (see below). Approximately 
10% of gastric adenoma cases are associated with related hereditary disor- 
ders (see below). 

Sporadic adenomas develop mainly against the background of chronic 
atrophie gastritis. Gastric adenomas that develop with appropriate hereditary 
disorders are usually localized in the antrum. As stated above, they have a 
high potential for malignancy. In 10-60% of cases, gastric adenomas are as- 
sociated with synchronous gastric carcinoma. The presence of carcinoma 
depends on the size, the presence and extent of a villous component, and the 
grade of dysplasia. Flat adenomas have the greatest risk of malignancy. 


Polyps of the fundic glands are more often observed sporadically and exclusively in the 
body of the stomach, The main reason for the development of sporadic polyps of the fun- 
dic glands is long-term use of proton pump inhibitors. Despite the fact that polyps of the 
pastric fundic glands occur sporadically in mast cases, they are also associated with cer- 
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tain hereditary syndromes, such as familial adenomatous (FAP), MUTYH- 


almost 90% of cases of FAP syndrome and 10% of cases of MAP syndrome. The likeli- 
hood of FAP syndrome is implied in cases of polyps greater than 20, located in the an- 
trum, and detected at a young age (<40 years), Unlike adenomatous polyps of the stom- 


H. pylori eradication, fundic gland polyps, on the contrary, can disappear or regress after 
H. pylort infection. 


‘Menetrier disease is a rare hypertrophic gastropathy that affects the gas- 
tric corpus and is characterized by thickening of the gastric mucosa in the 
form of giant folds (Figure 14.4), hypochlorhydria, and protein loss, Macro- 
scopically distinguishing Menetrier disease from Zollinger-Ellison syn- 
drome gastropathy and lymphocytic gastritis, in which the folds of the gas- 
tric mucosa are thickened in the same way, is difficult. In adults, this disease 
has a progressive clinical course with an asymptomatic onset. In early 
childhood, it starts suddenly and resolves spontaneously, In infants, Mene- 
trier disease is associated with cytomegalovirus (CMV) infection, but in 
adults, the cause of this disorder re- 

mains unknown, It is assumed that 


increased expression of transform= 
ing growth factor B-1 (TGFf+1) and 
the ligand for the epidermal growth 
factor receptor (EGFR) plays a role 
in the pathogenesis of this disease, 


which leads to the selective prolifer- 
ation of mucosal cells on the gastric 
body and fundus. As a result of this 


prosess, glandular atrophy of the SSN * anh 


stomach occurs. According to litera- 
ture, 6-10% of patients with Mene- 
trier disease develop gastric carci- 
noma. Since this disease is rare, the 
risk of developing gastric carcinoma 
cannot be accurately estimated. 


tier disease in a 58-year-old man, Kamal 
‘MU, Tang H, Mehak V et al. A rare etiolo- 
‘gy of abnormally large gastric folds; Mene- 
tnier's disease. Case Rep Gastrointest Med, 
2019; Amicle LD 7927083. Available under 
the CC BY 4.0 license 


328 


Bayramov RB ‘Textbook of Oncology 


Hereditary disorders 


‘The following well-known hereditary disorders are associated with an 
increased risk of gastric carcinoma: 
Hereditary diffuse gastric cancer, 
Familial adenomatous polyposis, 
Gastric adenocarcinoma and proximal polyposis of the stomach, 
PeutzJeghers syndrome, 
Juvenile polyposis syndrome, 
MUTYH-associated polyposis syndrome, 
Lynch syndrome, 
Hereditary breast and ovarian cancer syndrome, 
Li-Frawmeni syndrome, 
Ataxia telangiectasia. 


Hereditary diffuse gastric cancer develops due to germline heterozygous 
mutations (the type of inheritance is autosomal dominant) in the CDH gene 
(16q22.1). The CDHJ gene encodes the epithelial protein E-cadherin that 
provides adhesion between adjacent epithelial cells. In addition to the func- 
tion of adhesion, epithelial cadherin is also involved in the process of signal- 
ing within cells that control the maturation and movement of cells. Along 
with this, E-cadherin functions as a suppressor of tumor growth. Thus, a 
mutation in the CDH! gene leads to a change in the structure of epithelial 
cadherin, which contributes to uncontrolled division and growth of epitheli- 
al cells of the gastric mucosa. 

More than 120 hereditary mutations in this gene have been found that 
contribute to the development of the mentioned syndrome. 70-80% of indi- 
viduals (70% of men, 55-60% of women by age 80 years) with these muta- 
tions develop diffuse gastric carcinoma, When gastric carcinoma is detected, 
the mean age of patients is 38 years. There is evidence that gastric 
carcinoma was discovered in a person with this syndrome aged 14 years. 
Individuals with germline mutations in the CD#HJ gene are also at high risk 
of developing lobular breast carcinoma (see page 450). About 1% of gastric 
carcinoma cases are associated with hereditary diffuse gastric cane: 

Familial adenomatous polyposis (FAP) is associated with an increased 
risk of gastric carcinoma in addition to colorectal, duodenal, thyroid, etc. 
carcinomas (see page 400). Individuals with germline heterozygous muta 
tions in the APC gene (with FAP or Gardner syndrome) also have a tenden- 
cy to develop gastric adenoma (Figure 14.5) and gastric fundic gland polyps 
(in >80% of the cases). It should be noted that in people with this syndrome, 
gastric adenoma is observed less frequently compared with polyps of the 
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gastric fundie glands. Unlike polyps 
of the gastric fundic glands, gastric 
adenomas have a high risk (up to 
60%) of malignancy as stated above. 
The risk of developing gastric carci- 
noma in patients with FAP varies 
widely: according to researchers 
from Japan, in 4.5-13.6% of the cas- 
es, according to authors from West- 
em countries, in 0.6-4.2% of the 
cases, Individuals with this syn- 
drome have a 7-10 times higher risk 
of developing gastric carcinoma 
compared with the general popula- 
tion, It should be noted that neither 
gastric polyposis nor gastric carci- 
noma are defining features of 
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Figure 14.5, Adenomatous polyposis of the 
stomach in a 36-year-old male patient with 
Gardner syndrome. 3 months ago the patient 
underwent total colectomy for adenomatous 
polyposis of the large intestine, 13 years 
‘ago, a giant fibroma weighing 5 kg in the 
retroperitoneal space, protruding into the 
Peritoneal cavity on a very wide pedicle, 
‘was removed from the patient. 


FAP, they are merely extracolonic manifestations of this syndrome. 

Gastric adenocarcinoma and proximal polyposis of the stomach 
(GAPPS) is an autosomal dominant syndrome of polyposis of the proximal 
part of the stomach. This syndrome was first discovered in 2012, and until 
now, more than 10 families (in Australia, Europe and the United States) 


with the mentioned disorder have 
been found worldwide. The gene, in 
Which mutations are responsible for 
the occurrence of this syndrome has 
not been fully identified. Despite 
this, there is evidence that the af- 
fected individuals have point muta- 
tions in the 1B promoter of the APC 
gene (5922.2). Polyposis is charac~ 
terized by multiple polyps of the 
fundic glands (usually more than 
100 polyps) and often gives the mu- 
cosa a carpeted appearance (Figure 
14.6). Polyposis affects the body 
and fundus of the stomach, while the 
lesser curvature and antrum remain 
intact. Inpatients with this syn- 
drome, diffuse-type gastric carci- 
noma often develops by average age 


Figure 14.6. Polyposis of the proximal part 
of the stomach in patient with GAPS, The 
cardia, fundus and body of the stomach are 
affected, and the antrum was left intact 
Rudloff U. Gastric adenocarcinoma and 
proximal polyposis of the stomach: dingno- 
sis and clinical perspectives, Clin Exp Gas- 
troenterol, 2018, 11. 447-459, With permis- 
sion of Dove Medical Press, 
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of 33 years. Unlike other syndromes 
of polyposis of the gastrointestinal 
tract, in this syndrome, there are no 
signs of duodenal and colorectal 
polyposis and hereditary carcinomas 
of these organs. 

PeutzJeghers syndrome is also 
associated with an increased risk of 
gastric carcinoma in addition to 
many other carcinomas (sce page 
403), Gastrointestinal hamartomat- 
ous polyps are found in 95% of pa- 
tients with this syndrome (Figure 
14.7). The mean age of patients at 
detection of gastric polyps is about 
16 years. Approximately 30% of 
individuals with Peutz-Jeghers syn- 
drome develop gastric carcinoma 
during their lifetime. 

Juvenile polyposis syndrome is 
also associated with an increased 
risk of gastric carcinoma (as well as 
gastrie polyposis; Figure 14.8) in 
addition to intestinal and pancreatic 
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Figure 14.7. Hamartomatous polyposis of 


the stomach in an 11-year-old female pa- 
tient with Peutz-Jeghers. syndrome. ‘The 
patient also had colorectal polyposis, At the 
age of 2 years, hyperpigmentation was re- 
Yealed on the lip, buccal mucosa and finger- 
tips. No family history of Peutz-Jeghers 
syndrome, Sanger revealed a 

mutation (¢471_472delCT) in 
exon 4 of the STKI gene, Zhao Z-Y. Jiang 
Y-L, LiB-R et al. Close and regular surveil- 
lance ts key to prevent severe complications 
for Peutz-Jeghers syndrome patients without 
gastrointestinal polyps: case report of a 
novel STK mutation (¢ 471_472delCT) in 
a Chinese girl. BMC Surgery, 2018; 18: 24- 
28. Available under the CC BY 4.0 license, 


carcinomas (see page 410). 

MUTYH-associated polyposis (MAP) is also associated with an increased 
risk of gastric carcinoma in addition to colorectal, bladder, and some other 
carcinomas (see page 408). Gastric involvement of polyposis is infrequent, 
but polyposis of the duodenum is observed often. Polyps of the stomach 
(adenomas and fundic glands polyps together) are observed in >10% of cas- 
es, gastric carcinoma develops in 2% of patients with this syndrome. The 
mean age of patients with gastric carcinoma associated with MAP syndrome 
is 38 years. 

Lynch syndrome is also associated with an increased risk of developing 
gastric carcinoma in addition to colorectal and many other carcinomas (see 
page 406), The risk of developing gastric carcinoma in individuals with 
Lynch syndrome is 11-19%. Gastric carcinoma is especially often observed 
in Lynch syndrome caused by germline mutations in the MLHJ or MSH2 
genes, but is rarely observed with hereditary mutations in the MSH6 or 
PMS2 genes. Gastric carcinoma is the third most common malignancy after 
colorectal and endometrial carcinomas in individuals with Lynch syndrome, 
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Hereditary breast and ovarian 
cancer syndrome can also be associ- 
ated with a 3-7-fold (3-7 times with 
mutations in the BRCAJ gene and 3 
times with mutations in the BRCA2 
gene) increased risk of developing 
gastric carcinoma in addition to 
breast carcinoma and many other 
carcinomas (see page 447). 
Germline mutations in the relevant 
genes are not so frequently associat- 
ed with gastric carcinoma as they do 
With breast carcinoma and ovarian 
carcinoma. 

Although the main oncologic 
spectrum of Li-Fraumeni syndrome 
does not include gastric carcinoma, 
this hereditary disorder is also asso- 
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Figure 14.8. Gastric polyposis in a $1-year- 
‘old male patient with juvenile polyposis 
symdrome. Kelly S, Dwerryhouse S, Safra- 
nek P., Hardwick R. Juvenile polyposis 
syneirome affecting the stomach: a case re- 
port. J Med Case Reps, 2008, 2: 314-316, 
“Available under the CC BY 2.0 license. 


ciated with an increased risk of developing gastric carcinoma (see page 
280). The lifetime risk of developing gastric carcinoma is 3-5% in individu- 
als with this syndrome. The mean age of the patients at detection of gastric 


carcinoma is 43 years. 


Ataxia telangiectasia is also associated with an increased risk of develop- 


ing gastric carcinoma (Figure 14.9) 
in addition to many other (hemato- 
lymphoid, melanocytic, epithelial) 
malignancies (see page 201). Not 
only in cases of hereditary homozy- 
gous mutations (in patients with this 
disease), even in cases of germline 
heterozygous mutations in the ATM 
gene (in carriers), along with many 
other tumors (breast carcinoma, col- 
orectal carcinoma, ete.), the risk of 
developing gastric carcinoma in- 
creases as well 


Conditions associating with a 
higher risk of gastric carcinoma 


History of some malignancies 
(esophageal carcinoma, laryngeal 


Figure 149. CT image of complete gastric 
‘outlet obstruction due to adenocarcinoma of 
the pylorus in a 20-year-old female patient 
with ataxia-telangiectasia, She had severe 
ataxia and was wheelchair bound by 8 years 
of age. Otabor IA, Abdessalam SF, Erdman 
SH et al, Gastric outlet obstruction due to 
‘adenocarcinoma in a patient with ataxia- 
telangiectasia syndrome’ a case report and 
review of the literature. World J Surg On- 
col, 2009; 7: 29. Available under the CC 
BY 20 license 
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<arcinoma, breast carcinoma, ovarian carcinoma, colorectal carcinoma, ete.) 
is associated with an increased risk of developing gastric carcinoma. This 
association can be explained by hereditary disorders, the oncologic spectrum 
of which may include these cancers, or by common etiologic factors, or by 
used radiation therapy. 

Family history of gastric carcinoma (in first-degree relatives) is asso- 
ciated with an increased (by 2-3-fold) risk of developing gastric carcinoma. 
It should be noted that 10% of gastric carcinoma cases demonstrate familial 
clustering, but only 1 E 

‘The risk of developing gastric carcinoma 
went gastric resection for peptic ulcer disease 20-30 years ago. This associ- 
ation is explained by hypoacidic condition in gastric stump due to that sus- 
ceptibility to H. pylori infection is higher. which is considered the major 
factor playing role in development of gastric carcinoma. Moreover. pro- 
longed duodenogastrie reflux leads to the development of intestinal meta- 
plasia of the gastric mucosa (regardless of #7. pylori status), and thereby 
may increase the risk of developing gastric cancer. 

‘The risk of gastric carcinoma, is 2.5-4.3 times higher in individuals who 
have taken proton pump inhibitors (PPIs) for a long period. ‘The risk of de- 
veloping gastric carcinoma is associated with the duration of treatment with 
these drugs. This risk does not increase afier treatment with H2-histamine 
receptor blockers. According to data, this is not associated with a possible 
infection with H. pylori, since the risk remains higher in individuals after 
receiving eradication therapy. It is possible that this could also be due to the 
fact that taking proton pump inhibitors is associated with the development 
of gastric fundic gland polyps (Figure 14.10), which can sometimes pro- 
gress to carcinoma. 

People with blood type A have a 20% higher risk of gastric carcinoma 
compared with people with blood type O. It is may be due to the different 
susceptibility of people with different blood types to #. pylori infection. 

According to data, the risk of developing gastric carcinoma is 2 times 
higher in people who have undergone an organ transplantation. 

‘The risk of developing gastric carcinoma is 2 times higher in people in- 
fected with HIV compared with the general popu 

Gastric carcinoma is about 25% higher in men, 90% higher in women 
with diabetes mellitus compared to people (to men and women, respective- 
ly) without diabetes. 

According to data, women taking tamoxifen have a 1.5-fold increased 
risk of developing gastric carcinoma by an unclear mechanism compared 
with those who did not receive this treatment. 

Overweight is considered one of the causes of carcinoma of the gastric 
cardia. The risk of carcinoma of the gastric cardia is approximately 20% 
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Figure 14.10. A 49-year-old female with a 20-year history of heartburn and frequent acid 
brash. Until recently, her symptoms were well controlled with twice-daily use of PPIs 
with oceasional additional over-the-counter antacids, A — gastroscopy image shows mul- 
tiple large polyps. Histopathologic examination of biopsy samples confirmed fundic gland 
polyps; B — disappearance of gastric fundic gland polyps 9 months after discontinustion 
of PPIs due to magnetic sphincter augmentation. Histopathologic examination of biopsy 
samples obtained from single small polyps diagnosed a hyperplastic polyp, Brockmeyer 
JR, Connolly EE, Wittchow RJ, Kothari SN. Resolution of fundic gland polyposis follow- 
ing laparoscopic magnetic sphincter augmentation and subsequent cessation of proton 
pump inhibitors. Case Rep Gastrointest Med, 2015. Article ID 576263. Available under 
the CC BY 4.0 license 


higher in people with a body mass index (BMI) of 25-29 kg/m?, 60-80% 
higher with a body mass index >30 kg/m? compared to people with normal 
body weight. A high BMI is not associated with an increased risk of gastrie 
non-cardiac carcinoma. 

Limited physical activity is associated with an increased risk of gastric 
carcinoma, which is possibly related to accompanied high BMI. 

Poor socioeconomic status, unhygienic living conditions, and crowded 
homes contribute to H. pylori infection, which increases the risk of gastric 
carcinoma, 

Living in the highlands may be associated with an increased risk of de- 
veloping gastric carcinoma. This is possibly due to the fact that intestinal 
parasite infection, especially helminthiasis, which can affect the risk of gas- 
tric carcinoma through immune modulation against /. pylori, is less com- 
mon in highlands 


CARCINOGENESIS 

‘The intestinal type of gastric non-cardiac carcinoma (see below) is consi- 
dered to arise from atrophic gastritis (H. pylori-associated or autoimmune), 
Which initiates from chronic non-atrophic gastritis and further progress to 
intestinal metaplasia, and ultimately dysplasia (this progression is known as 
Correa’s cascade). According to data from studies, in most of the cases, 
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gastric carcinogenesis may happen via NF-KB (nuclear factor kappa B) and 
Wnvbeta-catenin pathways. The pathway that drives gastric carcinogenesis 
may be correlated with biological behavior of the disease and survival, 


PATHOMORPHOLOGY 


‘The gross appearance of gastric carcinoma depends on whether the tumor 
is an early-stage or advanced-stage. Grossly, early gastric carcinoma (Figure 
14.11) is divided into 4 types: type I (protruding growth), type II (superficial 
growth), type III (excavating growth), and type IV (infiltrating growth). The 
growth appearance of advanced gastric carcinoma can be exophytic (Figure 
14.2), ulcerated, infiltrative and combined. According to Borrmann classifi- 
cation, the gross appearance of advanced gastric carcinoma can be divided 
into 4 types: type I (polypoid growth), type II (fungating growth), type IIL 
(ulcerating growth), and type IV (diffusely infiltrating growth). Borrmann 
type IV is also referred to as linitis plastica in signet-ring cell carcinoma 
when most of the gastric wall is involved of infiltrating cancer cells. 

Histologically, gastric carcinoma exhibits notable heterogeneity at both 
architectural and cytological level, frequently with co-existence of several 
histologic elements. Adenocarcinoma is the most prevalent (about 95%) his- 
tological type of gastric carcinoma. Rarely, gastric carcinoma can be seen in 
types of squamous cell carcinoma, adenosquamous carcinoma, hepatoid 
carcinoma, mixed adeno-neuroen- 
docrine carcinoma, undifferentiated 
carcinoma, ete. 

The WHO (2010) classificati 
recognizes four major histologic 
subtypes of gastric adenocarcinoma: 
tubular, papillary, mucinous and 
poorly cohesive (including signet- 
ring cell carcinoma). 

Over the past six decades, the 
histological classification of gastric 
carcinoma has been based on Lau- 


Figure 14.11. Early gastric carcinoma (su- 


ren's criteria, according to which 
intestinal type (50-55%) and diffuse 
type (30-35%) as the major 
histologic variants, and. indetermi- 
nate type (15%) as uncommon vari- 
ant is distinguished. 

Lauren classification of gastric 
carcinoma has an important clinical 


perficial growth) developed against the 
background of intestinal metaplasia. Shin 
SY, Kim J-H, Chun Jet al. Chronic atrophic 
astritis and intestinal metaplasia surround- 
ing diffuse type gastric cancer: Are they just 
bystanders in the process of carcinogenesis? 
PLoS ONE, 2019; 14: 60226427. Available 
under the CC BY 40 license 
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significance, So, in the development of the intestinal type of gastric carci- 
noma, environmental factors play the main role (ineluding #7. pylori infec- 
tion), and hence, it develops against the background of a chronic process 
accompanied by intestinal metaplasia. The percentage of intestinal type is 
higher in regions with a high incidence of gastric carcinoma, ‘This type of 
gastric carcinoma occurs in older patients and affects mainly the distal part 
of the stomach. The prognosis of this carcinoma is more favorable, 

In the development of diffuse gastric carcinoma, hereditary factors play 
the main role (more oflen, mutations in the CDH/ gene). This type of gas- 
tric carcinoma is not associated with nutritional factors and chronic process- 
es, and consequently, with metaplasia of the gastric mucosa as well, Diffuse 
type gastric carcinoma is mainly observed at a young age. more oflen in 
Women. ‘This type of gastric carcinoma often affects the proximal part of the 
stomach, and is more aggressive than the intestinal type. 

It is important to note that intestinal type adenocarcinoma according to 
Lauren classification corresponds to tubular, papillary and mucinous adeno- 
carcinomas based on the WHO classification; diffuse type includes signet- 
ring cell carcinoma and other poorly cohesive carcinoma. 

‘The Cancer Genome Atlas (TCGA) has proposed molecular classification of gastric 
cancer, According to this classification, gastric carcinoma is divided into 4 types 

Gastric carcinoma with CIN (chromosomal instability) accounts for 50P% of all gastric 
carcinoma cases. This type of gastric carcinoma is frequently located at the gastroesopha- 
‘geal junction and gastric cardia, and mostly demonstrates intestinal histology (according 
to Lauren's criteria), Mutations in the 7P53 gene are observed in >70% of the cases, 

Gastric carcinoma with MSI (microsatellite instability) accounts for 21-22% of all gas- 
tric carcinoma cases. This type of carcinoma is mostly seen in females at older ages and 
characterized by MLH1 silencing and lacks of targetable amplification, 

GS (genomically stable) gastric carcinoma accounts for 19-20% of all gastric carcino- 
ma cases. This type of gastric carcinoma is diagnosed at younger age and demonstrates 
diffuse histology (according to Lauren's erteria). CDH gene mutations are observed in 
up to 40% of the cases, 

EBV associated gastric carcinoma accounts for 9-10% of all gastric carcinoma cases. 
‘This type of gastric carcinoma is more common in males and frequently located at the 
gastric fundus and body, EBV-associated gastric carcinoma is characterized by CDKN2A 
silencing and immune signaling enrichment. 

Gastric carcinoma metastasizes via lymphatic and hematogenous dissem- 
ination; it can also spread by implantation when tumor cells fall on the peri- 
toneal surf 

Lymphatic metastasis can develop in perigastric lymph nodes (along the 
gastric wall), regional lymph nodes (along the major arteries downstream of 
the orthograde outflow), and extraregional lymph nodes (along the retro- 
grade drainage), depending on the stage of the tumor. 

Hematogenous metastasis mostly occurs in the liver, rare in the lungs and 
other distant organs. Dissemination via implantation develops metastatic 
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seedling and implants over the peritoneal surface and omentum (peritoneal 
carcinomatosis). Unusual metastasis can also develop in patients with gas- 
trie carcinoma through mechanisms with conflicting explanations: Schnitz~ 
ler metastasis (rectal metastasis), Krukenberg tumor (ovarian metastasis), 
Sister Mary Joseph's nodule (paraumbilical subcutaneous metastasis), Vir- 
chow node (left supraclavicular lymph node metastasis), Irish node (eft ax- 
illary lymph node metastasis). 


Staging of gastric carcinoma 
‘TNM staging of gastric carcinoma is detailed on page 677. 


CLINICAL PRESENTATION 


Clinical presentation of gastric carcinoma is dependent on the stage of 
the disease. Early gastric carcinoma has no associated specific symptoms: 
some patients with the symptoms of the existing background conditions 
(e.g.. chronic atrophic gastritis. gastric ulcer, ete.) may be occasionally di- 
agnosed with early gastric carcinoma. Symptoms characteristic of gastric 
carcinoma mostly reflect the advanced disease. Typical physical signs of 
gastric carcinoma are almost always late events. In other words, when these 
signs are demonstrated, the disease is mostly too far advanced for curative 
treatment. 
Gastric carcinoma can manifest the following symptoms and signs: 
* Weight loss (due to anorexia, indigestion, and intensive metabolism in 
massive and aggressive tumor cells); 
Loss of appetite (due to endogenous toxic metabolites from cancer cells); 
Discomfort in the upper abdomen (dyspepsia): 
Nausea and vomiting (reflectory or due to pyloric stenosis); 
Postprandial fullness or early satiety (due to delayed gastric emptying); 
Hematemesis (due to profuse bleeding from the tumor): 
Melena (due to bleeding from the tumor); 
Dysphagia (due to stenosis of gastric cardia); 
Mild pain in the upper abdomen: 
Iron-deficiency anemia (due to occult or obvious bleeding). 
Patients with advanced or metastatic gastric carcinoma may present with 
the following symptoms and signs: 
* Paraumbilical subcutaneous metastasis (Sister Mary Joseph's nodules); 
* Palpable enlarged left surpraciavicular lymph node (Virchow node or 
‘Troisier sign); 
* Palpable (on rectal examination) metastatic mass in the rectal pouch 
(Blumer’s shelf); 
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* Palpable enlarged left axillary lymph node (Irish node); 

* Persistent vomiting, excessive belching, bad breath (due to obstruction of 
the gastric outlet): 

* Absolute dysphagia, regurgitation (due to obstruction of the esoph- 
agogastrie junction); 

* Symptoms and signs of bowel obstruction (due to malignant small bowel 
obstruction caused by peritoneal carcinomatosis); 

* Obstructive jaundice (due to locoregional infiltration of the tumor result 
ed in biliary obstruction or multiple hepatic metastases); 

* Ascites and pleural effusion (due to carcinomatosis on serous 
and/or hypoalbuminemia). 


surfaces 


DIAGNOSTICS 


Clinical examination (history taking, inspection, palpation, percussion) 
can provide valuable information in patients with gastric carcinoma, At ear- 
ly stage of the disease the patient may look healthy unless they have anemia 
due to bleeding. Exhausted and cachectic appearance of the patients almost 
always reflects the incurable stage of the disease. Gastric carcinoma cannot 
be palpated at resectable stage, and palpated tumors commonly indicate lo- 
cal-advanced, unresectable tumor. Liver with multiple metastases can be 
palpated. Percussion can detect ascites and pleural effusion in late-stage dis- 
ease, 

If gastric carcinoma is clinically suspected, esophagogastroduodenoscopy 
is the first diagnostic test used (Figures 14.2, 14.11). Diagnostic accuracy of 
this study reaches >95%. This diagnostic tool can also provide obtaining 
biopsy samples for pathological verification of the disease. In cases of un- 
differentiated cancer, immunohistochemical staining can be needed for dif 
ferentiation. Gastric adenocarcinoma demonstrates positive immunohisto- 
chemical staining for AEI&AE3, CK3SbetaH111, CK18, CK19, CK7, and 
CK20, When CK7 and CK20 are used together, 35-50% of gastric adeno- 
carcinoma cases stain with both antibodies. Approximately 50% of the cases 
stain with one of the two antibodies (often CK7+/CK20- rather than CK7- 

CK20+); gastric adenocarcinoma rarely shows negative immunoreactivity 
for both of them. 

Barium swallow and double-contrast upper gastrointestinal series may be 
informative in delineating the extent of the disease in patients with obstruc- 
tive symptoms or when bulky proximal tumors (mostly esophagogastric 
junction tumors) cause obstacles for passage of endoscope to examine the 
distal parts of the stomach (Figure 14.12). 

CT scan, MRI of the chest, abdomen and pelvis are used to assess the lo- 
cal state of the disease (TT category), lymph nodes (N category), and. liver 
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and lung metastasis, peritoneal ear 
cinomatosis (M category). So, these 
imaging studies are very useful and 
informative in determining the clini- 
I stage of the disease, as well as 
resectability of the tumor (Figure 
14.13), 'SFDG PET-CT scans m: 
be helpful for more precise clinic 
(pretreatment) staging, detecting Figure 14,12 Gastric outlet obstruction in & 
involved lymph nodes and distant 10-year-old git! with gastric adenocarcino- 
metastasis. However, PET-CT sean ma (signctsing cell carcinoma). Barium 
fc ie B swallow shows obstructio Jo 

is not informative in patents with pram shows obarucion at pylons 
mucinous and diffuse type gastric eee A eA, AlGhamdl S, AIL 
carcinomas. saaran R et al. Gastric adenocarcinoma pre- 
EUS provides more precise clini- senting with gastric outlet obstruction in a 
cal staging of gastric carcinoma. In- child. Case Rep Gastrointest Med, 2014, 
stitutions that favor neoadjuvant Pha! ‘Arailable under the CC 
chemotherapy for patients with lo- 

cally advanced gastric carcinoma recommend EUS at initial diagnosis, how- 
ever it is less useful in antral tumors. 

Chest X-ray examination is performed to evaluate the lungs for possible 
metastasis and chronic lung diseases for pretreatment evaluation. 

Carcinoembrionic antigen (CEA) titer in the blood is not specific and is 
increased in about half of the patients with gastric carcinoma, 

Once gastric carcinoma is diagnosed, pretreatment (preanesthesia) evalu- 
ation includes complete blood cell count, comprehensive metabolic panel, 
and ECG, which assist in determining optimal therapy. 

Histopathologic examination of 
surgical specimen (resectate) deter- 
mines the histological type of carci- 
noma, its degree of differentiation, 
Testage and assess the removed 
lymph nodes, which are important 
for final pathologic staging and 
planning further treatment. 


‘TREATMENT 
igure 14 ‘@ppearance of advances 

Surgery is the comerstone of the esophagogsstric carcinoma in a $3-year-ld 
treatment for gastric carcinoma, as Tale patient. The tumor does not invade the 


this modality offers the only poten-  ™a°ent anatomical structures, 
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tial for cure, (Neo}adjuvant chemo- 
therapy has a proven role in the 
management of this cancer because 
surgery alone is associated with high 
rate of post-resection relapse. 


Surgical management 


‘The extent of surgical resection 
depends on the stage of the tumor 
and its location, 

Endoscopic resection is appropri- 
ate for selected cases of early gastric 
carcinoma if they are clearly con- \ 
fined to the mucosa (Tla), well- ees ‘Schematic depicture of Roux- 
differentiated, non-ulcerated, and “TY ‘ll gasrectomy: 
<2.0 om in size. For most superficial lesions, endoscopic submucosal dissec- 
tion (ESD) is recommended, although endoscopic mucosal resection (EMR) 
is acceptable for lesions <10-15 mm. All TI carcinoma cases not meeting 
endoscopic resection criteria require surgical resection. 

Depending on the location of the primary tumor, subtotal gastrectomy 
(for gastric antrum carcinoma), total gastrectomy (for proximal-third or 
middle-third tumors) or esophagogastrectomy (for esophagogastric junction 
carcinoma) are fulfilled (Figures 14.14, 14.15). Due to extensive lymphat- 
i¢ network around the stomach and in the stomach wall and propensity of 
gastric carcinoma to extend microscopically, traditional teaching recom- 
mends to provide at least 5.0-cm resection margin proximally and distally to 
the primary tumor. It should be noted that total gastrectomy is preferably 
fulfilled in the form of Roux-en-Y gastrectomy and subtotal gastrectomy in. 
the form of Billroth II gastric resection with Braun enteroenteroanastomosis. 

‘Traditionally, total gastrectomy has been performed and nowsdays isa standard surgical 
en ae pe ee eee carcinoma. Preservation of a small part (<20%) of the 

‘proximal stomach can be provided with a surgical procedure proposed and performed by 
us in selected patients (Figure 14.15B). In other words, >80% distal subtotal 
(near-total gastrectomy) can provide adequate proximal resection margin with jejunum: 
rier! ever mee inet ns pitt 
tric junction in contrast to Billroth II gastrectomy when jejunum is anatomized to the 


‘greater curvature side of the stomach. Choice of this extent of surgery’ is by 
better eradication of the tumor locally and regionally. 
rg em tea a 


following total 
Mares sane rar copys whichis shownto be [Sth 10405 
after total gastrectomy, can be avoided by performing near-total gastrectomy. 
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Figure 14.15, Schematic description of Billroth II subtotal gastrectomy for dstal-third 
‘pustrc carcinoma (A) and near-total gastrectomy for middle-third gastric carcinoma pro- 


outcomes. Acta Scent Cancer Biol, 2021, 5: 29-33. 

LND for T1 tumors may be confined to perigastric lymph nodes; sentinel 
lymph node (SLN) mapping may further modify the extent of LND. High 
rate of metastasis to regional lymph nodes (even at early stage) justifies the 
need for extended (D2) LND in all patients with gastric carcinoma: it inclu- 
des station 7 (around the left gastric artery), station 8 (around the common 
hepatic artery), station 9 (around the coeliac trunk) and station 11 (around 
the splenic artery) and 12a (in the hepatoduodenal ligament) in conjunetion 
with perigastric (stations 1, 3, 44, 4 sb, 5, and 6 during subtotal; stations 1, 
2, 3, 4, 5, and 6 during total gastrectomy) lymph nodes (Figure 14.16). 
Complication rates following D2 LND are not higher in specialized centers 
compared with standard gastrectomy. 

Laparoscopic and robotic surgery 
have a potential benefit of decreased 
postoperative morbidity and reduced 
recovery time, and therefore, is be- 
coming one of the recommended 
options for patients with early gas- 
trie carcinoma, Nevertheless, 
whether these approaches can 
achieve the same results as open 
surgery for gastric carcinoma cases 


A\ 
Haine 1416. Senate depo ot 
requiring D2 LND requires. confir- a a 
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Surgery is not recommended in patients with hepatic metastasis (even 
With solitary metastasis) because there is no evidence about its benefit, Sur- 
gery can also be used in patients with decompensated phase of pyloric ste- 
nosis as a palliative gastroenterostomy. 


Chemotherapy 


Definition of four molecular subtypes of gastric carcinoma with sp. 
genomic and transcriptomic properties does not have any impact on treat- 
ment strategy for the affected patients. 

Despite the fact that chemotherapy alone is not capable of providing cure 
of patients with gastric carcinoma, neoadjuvant or adjuvant chemotherapy 
can improve the survival rates compared with surgery alone, Currently, 
chemotherapy is standard for stage >IB gastric carcinoma. 

Neoadjuvant chemotherapy can downsize the primary tumor (thus, can 
increase the rate of resectability), decrease micrometastatic disease burden 
prior to surgery (thus, ean decrease the rate of postoperati 
metastasis), determine chemotherapy sensitivity (thus, can assist in choosing 
optimal regimen of adjuvant chemotherapy), ultimately improve survival. 
Neoadjuvant chemotherapy is not associated with an increased postoperative 
morbidity and mortality rates compared to upfront surgery. 

For patients with stage >IB gastric carcinoma who have undergone up- 
front surgery (without administration of preoperative chemotherapy), adju- 
vant chemotherapy or chemoradiotherapy is recommended. Adjuvant che- 
motherapy can decrease the risk of postoperative distant organ metastasis 
eliminating micrometastasis, thereby provides significant survival benefit. It 
should be noted that adjuvant chemotherapy is less well-tolerated than neo- 
adjuvant chemotherapy. Various regimens of adjuvant chemotherapy are 
also used for gastric carcinoma, including XELOX (capecitabine/oxali- 
platin), In Japan, Korea and China, chemotherapy with S-1 (composed of 
three components: tegafur, a prodrug of S-FU: gimeracil, an inhibitor of {lu- 
orouracil degradation; oteracil, a gastrointestinal adverse-effect modulator) 
is widely used for this purpose with proven improved survival benefit. 

Chemotherapy in patients with locally advanced gastric carcinoma is 
mostly performed as perioperative chemotherapy (3 cycles of neoadjuvant 
cles of adjuvant chemotherapy) because it has shown prolonged 
survival in resectable stage II and III gastric carcinoma cases. Thus, periop- 
erative chemotherapy is recommended for patients with stage >IB carcino- 
‘mas cases. Platinum/fluoropyrimidine combination is the recommended 
treatment option. Various regimens are used for this purpose: FLOT (5- 
FU/leucovorin/oxaliplatin/docetaxel), ECF (epirubicin cisplatin’ S-FU), ECX 
(epirubicin/cisplatin capecitabine). 
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Some centers (mainly, in the United States) recommend adjuvant radio- 
therapy (40 Gy with a 5-FU as a sensitizer), which demonstrates improved 
Adjuvant radiotherapy can also reduce locoregional failure, Adju- 
vant chemoradiotherapy (with 5-FU/leucovorin) is considered the standard 
of care in the United Stat 

‘There is no evidence to support the use of perioperative trastuzumab 
(HER2 inhibitor) therapy or any other targeted therapy. including anti- 
angiogenic compounds. 


Management of advanced unresectable or metastatic disease 


Most patients with gastric carcinoma cannot undergo radical-intent sur- 
gery because of direct infiltration of the tumor into surrounding anatomical 
structures, distant organ metastasis or peritoneal carcinomatosis. In those 
cases, primary tumor resection is not recommended for palliative setting and 
definitive chemotherapy is the main therapeutic modality and can improve 
survival. 

Currently, platinum-based chemotherapy (epirubicin cisplatin’/S-FU; epi- 
rubicin/oxaliplatin’S-FU: — docetaxel/cisplatin’S-FU: _ epirubicin/cisplatin/ 
‘capecitabine; epirubicin/oxaliplatin/capecitabine) represents one of the 
first-line regimens for advanced unresectable or metastatic disease, with 
similar efficacy, For this purpose, as an alternative option, other regimens 
can also be used in selected patients: irinotecan/cisplatin or oxali- 
platin/irinotecan. FLOT (5-FU/leucovorin/oxaliplatin docetaxel) should be 
regarded as standard of care for unresectable locoregional disease. In Japan, 
Korea and China S-1 is widely used: alone or in combination with cisplatin. 
‘Trastuzumab in combination with capecitabine or 5-FU/cisplatin is recom- 
mended for the treatment of patients with HER2-positive advanced gastric 
carcinoma, which accounts for 10-15% of the cases. 

It should be noted that, novel treatment strategy may be guided by pres- 
ence or absence of overexpression of some genes: e.g., combined overex 
pression of MY °R and FGFR2 genes in tumor cells predicts poor res 
ponse of metastatic gastric carcinoma to treatment with cisplatin and S-FU 

In patients with advanced, metastatic or recurrent carcinoma, with dis- 
ease progression after two lines of therapy targeted therapy in combination 
with chemotherapy regimens can also be used: anti-PD-1 monoclonal anti 
body (pembrolizimab, nivolumab) in patients with esophagogastric carci- 
noma expressing PD-L1; HER2-receptor antagonists (trastuzumab) in cases 
of gastric carcinoma expressing HER2 (overexpression of HER2 in gastric 
carcinoma is a significant negative prognostic factor), anti-VEGF monoclo- 
nal antibody (bevacizumab). 
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PROGNOSIS 


Unfortunately, only a minority of patients with gastric carcinoma can be 
cured, primarily because of advanced stage of the disease at initial presenta- 
tion. Like other malignancies, the outcome of the treatment for gastric car- 
cinoma depends on the stage of the tumor. Failure of surgical resection is 
mainly due to locoregional recurrence (mostly in the gastric bed followed by 
ional lymph node metastasis). 5-year survival rate is around 70% for lo- 
ized, 30-35% in regional and $-6% in metastatic disease. Surgery per- 
formed for early gastrie carcinoma (TI carcinoma) can yield 5-year survival 
rate reaching up to 90-95%. 

Histological subtypes, presence or absence of lymph node metasta 
overexpression of HER2 are independent prognostic factors. 


PREVENTION 


75% of gastric carcinoma cases can be prevented with appropriate life- 

measures: 

ding (quitting) smoking, as 22% of gastric carcinoma cases are as- 
sociated to smoking: 

* Limiting salt and salty foods; this measure can reduce the risk of gastric 
carcinoma by about 25%; 

* Consuming less amount of (or not consuming) processed meat produets 
(sausages, frankfurters, ham, bacon) as far as possible, since these prod- 
ucts contain nitrites (or nitrates that can turn into nitrites); 

= Following a balanced diet rich in vegetables and fruits (with nitrates in 
normal range especially for people with gastric hypoacidity and unknown 
H. pylori-status), 

* Not abusing alcohol (no more than 40 g alcohol per day); 

* Regularly consuming garlic and onions, which may reduce the risk of 
gastric carcinoma by precluding the growth of microorganisms in the 
stomach; 

* Regular testing for H. pylori and eradication of this microorganism with 
appropriate antibiotics and bismuth preparations if positiy 

* In individuals with confirmed germline mutations in the CDH! gene, 
prophylactic gastrectomy is a reliable option for preventing development 
of gastric carcinoma. 


Screening for gastric carcinoma 


Recommendations regarding gastric carcinoma screening vary in differ- 
ent regions depending on the incidence of this cancer. The aim of the 
screening program for gastric carcinoma is to detect this cancer at earlier 
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stages, since surgery performed for early gastric carcinoma is characterized 
by very high rate of 5-year survival, Studies conducted by us revealed that 
in regions where the proportion of early gastric carcinoma (T1 tumor) is 
higher, the prognosis for T2 and T3 carcinomas is better as well (the phe- 
nomenon called "effect of proportion of early gastric carcinoma"), Although 
sereening for gastric carcinoma is routine in Korea and Japan where the in- 
cidence of this cancer is very high, no major United States’ organizations 
recommend screening for this carcinoma in the general population as gastric 
carcinoma is less common in the United State. According to guidelines, 
there is no evidence that screening for gastric carcinoma would result in re~ 
duction in mortality in regions with low incidence of this disease. Neverthe- 
less, screening for gastric carcinoma is recommended in people with a fami- 
ly history of gastric carcinoma, with finding of atrophic gastritis and intesti- 
nal metaplasia detected at previous endoscopy: surveillance endoscopy 
should be performed every 1-2 years in those individuals. 


Follow-up for gastric carcinoma survivors 


Follow-up of patients treated for gastric carcinoma includes mainly imag- 
ing studies (liver US or CT scan of the abdomen and pelvis) carried out eve- 
ry 3 months for the first two years, every 6 months for the third year, and 
once a year thereafter. Esophagogastroscopy is mostly clinically indicated. 
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EPIDEMIOLOGY AND STATISTICS 


Liver cancer is the sixth most common malignancy (excluding skin car- 
cinoma) worldwide. In 2020, 905.677 new cases of liver carcinoma were 
registered worldwide (in 2012, about 782,500), accounting for 4.7% of all 
‘malignant neoplasms. More than 95% of liver cancer are attributable to liver 
carcinoma, 

Liver carcinoma is seen in men more frequently (hepatocellular carcino- 
ma 4-9 times, cholangiocellular carcinoma 1.2-1.5 times) compared to 
women. One out of 105 men or 195 women has a lifetime risk of developing 
liver carcinoma. 

In the United States and Europe, the mean age of patients with hepatocel- 
ular carcinoma (HCC) is 65 years and it rarely seen below the age 40 years. 
In Africa and Asia, HCC is most commonly detected in the fourth and fifth 
decades, respectively. Cholangiocellular carcinoma (CCC) is rarely ob- 
served in people aged <40 years regardless of the region. 

‘The highest incidence of liver carcinoma worldwide is observed in 
Norther and Western Africa, Eastern and South-Eastem Asia, Half of the 
cases of liver carcinoma or liver carcinoma-related death are recorded only 
in China, ‘The lowest incidence of liver carcinoma is observed in South Cen- 
tral Asia, Northern, Central and Eastem Europe. 

‘More than 80% of HCC eases are found in Easter Asia and Sub-Saharan Aftica. The 
incidence of CCC is high in Latin America, Asia, Central and Eastern Europe, and low in 
the United Kingdom, the United States, Canada, New Zealand, Australia, and the Medi- 
{erranean countries, The highest incidence of CCC is observed in some provinces of Thai- 
lind, where the incidence rate is 113 new cases per 100.000 male population and SO per 
100.000 female population per year. 

In 2020, 830.180 cases of deaths from liver cancer were registered 
worldwide (in 2012, about 745.500), accounting for 8.3% of all cases of 
cancer-related death and ranked second following lung cancer. In 2020, it 
was the leading cause of cancer-related death in men in 23 countries; for 
comparison, lung cancer in 93 countries and prostate cancer in 48 countries, 
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ETIOLOGIC FACTORS 
Environmental factors 


Hepatitis B or C infection is considered one of the causes of HCC and a 
possible cause of CCC. Approximately 90% of liver carcinoma cases in un- 
derdeveloped countries and 40% in developed countries is associated with 
HBV and/or HCV. The risk of developing HCC is approximately 100-200 
times higher in people infected with HBV and/or HCV (the risk of develop- 
ing CCC is increased by 3-4-fold). In 80-90% of patients, HCC associated 
with HBV or HCV viruses is accompanied by liver cirrhosis. It should be 
noted that viral hepatitis B can also lead to the development of HCC without 
developing liver cirrhosis. 


HIV’ infection is considered one of the causes of liver carcinoma. ‘The risk 
of liver carcinoma is 5-7 times higher in individuals infected with HIV in- 
fection (or in AIDS patients). The increased risk of developing HCC in pa- 
tients infected with HIV infection is explained by immunosuppression, the 
direct effect of this virus on the liver parenchyma, and the hepatotoxicity of 
antiretroviral drugs used for this infection. The latter assumption is substan- 
tiated by the fact that unlike other malignant tumors, the use of retroviral 
drugs has not reduced the risk of developing HCC in patients infected with 
HIV infection. 

‘The combination of HIV and HCV infections leads to the development of liver citthosis 
in a shorter time, and in the corresponding patients, HCC is characterized by a more ag- 
_Btessive clinical course. 

Hepatobiliary helminthiasis caused by Opisthorchis viverrini (O. viver- 
rini) and Clonorchis sinensis (C. sinensis) is associated with an increased 
risk of biliary tract cancer, mainly in Southeast Asia. Infestation with the 
mentioned helminths is one of the causes of CCC. These helminths are a big 
health problem, where the incidence of CCC is the highest. The mentioned 
helminths usually live in the intrahepatic bile ducts of small and medium 
caliber. In cases of severe infestation, they are found in hundreds even in the 
gallbladder, extrahepatic bile ducts and in the duct of Wirsung, A case is 
described when $140 and 1348 helminths were found in the bile ducts and 
in the duct of Wirsung. respectively, in a deceased child. The risk of devel- 
oping carcinoma of the biliary tract is approximately 20% in patients infect- 
ed with these helminths. 
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Drinking more than 45 g of alcohol per day is considered one of the 
causes of HCC (more than 80 g alcohol per day is considered a possible 
cause of CCC). Approximately one third of liver carcinoma cases in high- 
income countries are associated with alcohol intake, The risk of liver carci- 
noma is increased by 2.2 times in people who drink $0 g or more of alcohol 


per day. Drinking alcohol in moderation does not increase the risk of devel- 
oping this cancer, Alcohol abuse causes liver cirrhosis, which further leads 
to the development of HCC, but can also cause this carcinoma without con- 
comitant liver cirrhosis (Figure 15.1). 

Exposure to aflatoxin is considered one of the causes of liver carcinoma. 
People are exposed to aflatoxin, mainly in areas where hepatitis B virus in- 
fection is widespread, which, in tum, is the cause of this cancer. People are 
heavily (uncontrollably) exposed to aflatoxin mainly in sub-Saharan Africa, 
Southeast Asia and China. Aflatoxin is a waste product of the fungi of the 
genus Aspergillus flavus and Aspergillus parasiticus, which grow in grains 
‘stored in hot and humid climates. Of 
all the biologically produced poi- 
sons (discovered to date), aflatoxins 
are the most potent hepatocarcino- 
gens. Up to 28% of HCC cases 
worldwide are believed to be caused 
by aflatoxin. 

Smoking is considered one of the 
causes of liver carcinoma, Approx- 
imately 23% (27% in men, 15% in 
women) of liver carcinomas in the 
United Kingdom are associated with 
smoking. The risk of HCC is 50- 

60% higher in smokers compared to 

non-smokers. The risk of HCC is 

about 10 times higher in people who Figure 15.1. Stages of liver damage by al- 
smoke and drink alcohol regularly Soho! abuse_ 
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and in large quantities. The role of smoking in the development of CCC is 
controversial. 

Chewing tobacco-free betel quid is considered a possible cause of both 
HCC and CCCs (see page 234). Chewing betel quid has been shown to in- 
crease the risk of developing HCC in people without hepatitis B and C in- 
fection (the risk of developing CCC is increased by 6 times). Betel chewing, 
and hepatitis B or C infection act synergistically in the development of this, 
cancer, 

Exposure to dichlorodiphenyltrichloroethane (DDT) is considered a pos- 
sible cause of liver carcinoma. According to appropriate studies, the risk of 
developing liver carcinoma is 4 times higher in people with high plasma 
levels of this compound compared to people with low levels. A similar cor- 
relation has been found between the concentration of DDT in adipose tissue 
and the risk of developing HCC, according to data from one environmental 
study, 

DDT is an insecticide against mosquitoes, cockroaches and pests of cotton, peanuts, 
soybeans, ete, which is known in everyday life under the name "dust". DDT was widely 
used after the World War If in the fight against malaria and typhoid. as well as in agricul- 
ture and forestry. In 1950-1960, aknon al people in the United States had been exposed. 


‘accumulate in the body of animals and humans. DDT spray is strictly banned in 26 coun- 
tries including the United States, Canada, but is still widely used in India, Mexico, Vene~ 
zuela, Bolivia, Philippmes, etc. Although DDT was banned in the United States in 1972, 
its breakdown products are found in 60% of food creams, in 42% of cabbage, in 28% of 


this century, 99% of people had DDT cleavage products in their blood. Despite the fact, 
that the use of DDT was banned in many countries about 50 years ago, at the moment the 


phase out the use of DDT in the world by 2020. According to studies, DDT in the labora- 
HER2/neu gene in breast cells. 

Exposure to tetrachloroethylene (perchloroethylene) or trichloroethylene 
is considered a probable cause of HCC. To the impact of these factors are 
mainly exposed workers at dry cleaning enterprises. Experimental and epi- 
demiological studies support a correlation between perchlorethylene expo- 
sure and the risk of developing liver carcinoma. ‘There is evidence that oc- 


creased risk (by 2 times) of developing liver carcinoma, 
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roethylene was also used as an anesthetic in the middle of the twentieth century (from 
1930s tll 1970s), and its use in anesthesiology was banned in 1970s (in 1977 by FDA) in 
many developed countries, It should be noted that this agent replaced chloroform as an 
inhalation anesthesia drug, but after 1960 it was replaced by halothane, which was recog- 
nized as a more effective drug. After World War II, it was used primarily as a degreaser 
und cleaner for metal parts. Trichloroethylene also exists in some household products, 
such as aerosol cleaning products, cleaning wipes, tool cleaners, paint removers, spot re- 
movers and curpet cleaners. Commercially dry cleaners also employ this substance as a 
spot remover. Trichloroethylene is a stable molecule and breaks down slowly, persisting 
inthe environment fora long time. It can accumulate in groundwater passing through the 
soil. Therefore, due to widespread use in various industries, traces of trichloroethylene are 
found in drinking water and food in some regions. People are exposed to this substance 
by drinking contaminated wate, eating foods that have been processed with such water, 
or inhaling it in indoor or outdoor air. Currently, trichloroethylene is among the most 
common xenobiotics in groundwater 


Exposure to vinyl chloride, as an occupational factor, is considered one 
of the causes of HCC. This association is confirmed by the results of certain 
studies conducted in different countries. Vinyl chloride is used in the syn- 
thesis of polyvinyl chloride. It should be noted that, unlike vinyl chloride 
monomer, polyvinyl chloride does not pose a health hazard to the body. 


Vinyl chloride is not # natural chemical and is used almost exclusively in the plastics 

industry. A very small amount of vinyl chloride can be found in the final products. Inter- 
estingly, this substance is found in very high concentrations in gramophone records. Vi- 
yl chloride is not found in food, cosmetics or pharmaceutical products, In 2005, 35 mil- 
tion tons of vinyl chloride were produced worldwide. Approximately 40.000 workers in 
‘Europe and 80,000 in the USA were exposed to vinyl chloride until 1997. 

Exposure to arsenic is considered a probable cause of liver carcinoma. 
People are exposed to the influence of this factor mainly due to occupation. 
Such areas of work include mining, arsenic refining, pesticide production, 
glassworks, semiconductor fabrication, copper smelting, ete. It should be 
noted that epidemiological studies have also revealed a correlation between 
the concentration of arsenic in drinking water (see page 154) and the inci- 
dence of HCC, 

Exposure to polychlorinated biphenyls (PCBs) is considered a possible 
cause of HCC, Data from studies confirm that the liver is a "target" for the 
mentioned compounds. During the 24-year control period following the 
‘Yucheng incident in Taiwan (1979), when vegetable oil was contaminated 
With high amounts of polychlorinated biphenyls, the incidence of chronic 
liver diseases and liver cirrhosis increased dramatically in that region. The 
results of epidemiological studies support a correlation between exposure to 
PCBs and HCC. 

Polychlorinated biphenyls were widely produced for commercial purposes in 1929-1977 
and were used as an electrical insulator and lubricating fluid. This substance has also been 
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used in the production of flame retardants, adhesives, ele. After the compound was ban 
ned in many countries, production dropped sharply. Despite this, polychlorinated biphen- 
‘yl are curently still used and people are exposed to this compound due to occupation. 


Humans are exposed to PCBs primarily in food and water, PCBs are very stable mole- 
cules, remain in nature for a long time, are transferred by the food chain for a long time 
and accumulate well (have a strong bioaccumulation property) in tissues (especially in 
high concentration in adipose tissue) ofthe human and animals. Bioaccumulation occurs 
mainly in aquatic animals, especially those feeding on bottom sediments, in which the 
highest concentration of these substances is found. Therefore, fish, crustaceans (shrimps, 
oysters, mollusks), and certain water bodies have a particularly high amount of these sub- 
stances, Surface water and well water can have high concentrations of PCBs, Fortunately, 
tctivated carbon filters are good at removing these molecules from the water. 

Thorotrast, a now banned radiocontrast agent that was widely used from 
1930 to 1960, is a potent carcinogen and exposure to this agent is associated 
with a very high risk of developing biliary tract carcinoma. According to 
data, exposure to the mentioned agent is associated with a 300-fold in- 
creased risk of developing CCC. 

Exposure to 1,2-dichloropropane or dichloromethane is considered a 
probable cause of CCC. Dichloromethane is thought to cause lung carcino- 
ma, and non-Hodgkin's lymphomas in addition to CCC. 

1,2-dichloropropane and dichloromethane are used to remove oil ftom metals and to 
clean paints. In addition, they are used in the food and pharmaceutical industries as an 
extraction solvent, as well as for the manufacture of cellulose triacetate films. After con- 
‘cerns about the carcinogenic effects of dichloromethane emerged in the 1980s, production 
of these chemicals in the United States has declined from 830 million pounds fo 350 mil- 
tion pounds a year. 

Exposure to *°Pu and *"Th is considered one of the causes of liver car- 
cinoma. According to data from studies, workers in the plutonium industry 
have a 3-17 times increased risk of developing HCC, depending on the dose 
loads of ionizing radiation. 

Exposure to X-rays and gamma radiation is considered a probable cause 
of liver carcinoma, Approximately 1% of liver carcinoma cases in the Unit- 
ed Kingdom are associated with diagnostic-related radiation. 

Use of combined estrogen-progesterone oral contraceptives is considered 
one of the causes of HCC (see page 438). 


Precancerous lesions and diseases 
‘The risk of developing HCC is 8-55 times higher in patients with liver 
cirrhosis, The level of the risk depends on the type and duration of liver cir- 
thosis and the sex of the patient, The highest risk is inherent in persons with 
liver cirhosis associated with HBV/HCV, the lowest in patients with prima- 
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ry biliary cirrhosis, 20% of men and 5% of women with liver cirrhosis last- 
ing more than 20 years have HCC. It usually takes 20-30 years from the first 
attack of the factor that causes cirrhosis of the liver to the development of 
cirrhosis. In regions with a high incidence of viral hepatitis B, approximate 
ly 80% of cases of liver cirrhosis are HBSAg-positive, in Western countries 
only 15-20% of cases. It should be noted that in 25% of cases the cause of 
cirrhosis cannot be established. 

‘The risk of developing liver carcinoma is 4 times higher in people who 
have received inpatient treatment for non-alcoholic fatty liver disease com= 
pared to the general population. 

Hepatocellular adenoma (liver adenoma) is a rare benign tumor that is 
predominantly, but not exclusively, found in young women taking oral con- 
traceptives. Liver adenoma is also associated with glycogen disease types 1 
and III. Hepatocellular adenoma, resulting from the proliferation of hepato- 
cytes with a high content of glycogen and fat, does not have the normal ar- 
chitecture of the liver. Liver adenoma appears as a single node and can be 
up to 30 em in diameter. but can also be observed multiple in patients with 
glycogen disease types I or IIL Transformation of hepatocellular adenoma 
into HCC is observed in 4-5% of eases, the risk is especially high in patients 
with type I or III glycogen disease. It is important to note that liver adenoma 
may show signs of regression after oral contraceptives are discontinued. 

Primary sclerosing cholangitis (PSC). which is an autoimmune disease 
that damages the intrahepatic and extrahepatic bile ducts, poses a high risk 
for developing cholangiocarcinoma (including intrahepatic cholangiocarci- 
noma). Patients with PSC have also an increased risk for developing HCC 
due to liver cirrhosis (biliary cirrhosis) developed as a result of chronic cho- 
lestasis. Compared to the general population, patients with PSC have a 400- 
1500-fold increased lifetime risk of cholangiocarcinoma, Despite the fact 
that PSC is the strongest factor contributing to the development of biliary 
tract cancer, only 10% of cases of this carcinoma are associated with this 
disease. Associated chronic inflammation, biliary stasis, and proliferation of 
the biliary epithelium in this disease are considered to be possible mecha- 
nisms leading to an increased risk of the mentioned cancer. 6-36% of pa- 
tients with PSC develop extrahepatic biliary tract cancer during their life- 
time, Although the median time between PSC diagnosis and CCA ranges 
from 4 to 6 years, nearly 50% of patients are diagnosed with cholangiocar- 
cinoma either at presentation or within 1 year of being diagnosed with PSC; 
in 80% of cases, cholangiocarcinoma is detected within 2 years after the di- 
agnosis of PSC. It should be noted that cholangiocarcinoma accounts for 
around a third of all-cause mortality in patients with PSC. 
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Choledochal cysts are a rare congenital disorder characterized by cystic 
dilatation of the extrahepatic and/or intrahepatic (isolated intrahepatic injury 
seen in type V known also as Caroli disease) bile ducts. It is assumed that 
the cause of choledochal cysts is an abnormal connection of the common 
bile duct with the duct of Wirsung, in which the mentioned ducts connect 
forming a common channel more than 10 mm in length. As a result of pan- 
creatobiliary reflux, an increase in intraluminal pressure and inflammation 
occurs in the walls of the bile ducts, which leads to dilation of the extrahe- 
patic bile ducts (Caroli disease is an exception, which is a malformation of 
the biliary structures). Processes that occur in a state of prolonged pancreat- 
obiliary reflux, the damaging effect of pancreatic enzymes, chronic inflam- 
mation and biliary stasis gradually increase the risk of developing bile duct 
cancer. Patients with choledochal cysts also have a 10-50 times higher risk 
of developing bile duct carcinoma and in about 6-30% (average 20%) of 
cases, these cysts can be transformed into cancer, depending on patient's life 
expectancy. ‘The risk of developing cancer depends on the type of chole- 
dochal cysts (Figure 15.2) and on the age of the patients. I (solitary extrahe- 
patic) and IV (extrahepatic-intrahepatic) types of choledochal cysts have the 
highest risk of developing extrahepatic bile duct carcinoma. During the first 
decade, the risk of developing bile duct carcinoma in patients with chole- 
dochal cyst is 0.7%, with within two decades reaching 14%. Asians with 
this disorder have been shown to be at higher risk of developing this eancer 
compared with Americans (respectively, 18% and 6%). The average age of 
patients with choledochal cysts upon detection of cholangiocarcinoma is 32 
years. Removal of choledochal cysts 

reduces the risk of developing bile 


duct carcinoma, but the risk is still 
high compared to the general popu- 
lation, It should be noted that chole- 
dochal cysts are associated With an socma! ort om 


increased risk of developing not on- 
ly extrahepatic bile duct carcinoma, 


but also intrahepatic cholangi- 
carcinoma (by 10-37 times). 
Obesity (as well as overweight) is 
considered one of the causes of on geen 


HCC. ‘The risk of liver cancer is 

18% higher in overweight people . 

(BMI = 25-29.9 kg/m’), 83% higher ect) 15.2. Todani classification of chole- 
in obese people (BMI=30 kg/m?). Sohal cysts 
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Hereditary disorders 


‘The following hereditary disorders are associated with an increased risk 
of developing liver carcinoma: 

Hereditary hemochromatosis, 

Hereditary alpha-1-antitrypsin deficiency, 
Tyrosinemia, 

Glycogen storage disease type I, 

Glycogen storage disease type III, 

Fanconi anemia, 

Hereditary breast and ovarian cancer syndrome, 
Lynch syndrome, 

BAP! tumor predisposition syndrome. 


Hereditary hemochromatosis (inheritance type is autosomal recessive or 
autosomal dominant depending on the gene mutated) is a disorder that oc~ 
curs due to germline mutations in the genes //FET (6p22.2), HFE2 (1q21.1), 
HPE3/TFR2 (7422.1), HFE#/SLC0A1 (2432.2) and HFES/FTH! (11q12.3) 
and is characterized by intake of iron above the norm and its deposition in 
various organs (in the liver, thyroid gland, heart, pancreas, hypothalamus, 
gonads, etc.) These genes encode HFE-protein (membrane protein, which is 
mainly located on the surface of intestinal and liver cells), hemojuvelin, 
transferrin receptor 2, ferroportin, ferritin heavy subunit, respectively. The 
liver is most commonly affected because the portal circulation blood, which 
contains iron absorbed above normal in the small intestine, first enters the 
liver. Incoming iron is deposited because the humankind lacks physiological 
mechanisms for excreting excess iron. Excess iron in the tissues causes the 
production of free radicals that damage the corresponding organs. One out 
of nine people is a carrier of a mutation in one of the aforementioned genes. 
The prevalence of this disease is one case per 300 people in some regions of 
the world (mainly in Norther Europe). Normally, 1-2 mg of iron is ab- 
sorbed in the small intestine per day, and in hemochromatosis, 4-5 mg, 
sometimes even 15-40 mg of iron can be absorbed. In most cases, the course 
of the disease is asymptomatic. Symptoms of the disease in men appear in 
middle age, in women in the postmenopausal period. The disease is not di 
ficult to treat, but in people who have not received adequate treatment, this, 
disease can lead to the development of liver cirhosis. The risk of develop- 
ing liver cancer is 11 times higher in people with hemochromatosis. 
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than types 2 and 3) and is ealled ferroportin disease. About 200 cases of ferroportin dis- 
ease have been described in literature. Hereditary hemochromatosis type $ is only found 
none Japanese family. 

Hereditary alpha-1-antitrypsin deficiency is « hereditary disorder (the in- 
heritance pattem is autosomal dominant) associated with genotypes of the 
SERPINAI gene (1432.13) and mutations in it, and is characterized by 
damage to the lungs and liver. The SERPINA! (serine protease inhibitor 
Al) gene encodes the alpha 1-antitrypsin protein, which protects the body 
from the proteolytic activity of a strong enzyme, neutrophil elastase. This 
enzyme is produced by white blood cells to fight infections, but it can also 
damage normal tissue (especially lung tissue) if the alpha-1 antitrypsin pro- 
tein does not tightly control the situation. Alpha 1-antitrypsin is a glycopro- 
tein produced in the liver and is the major circulating protease inhibitor. 
This protein is also an acute phase reactant, and its plasma concentration 
rises 3-5-fold in response to inflammation and tissue damage 

‘The clinical presentation of this disorder and the age at which it appears 
vary among individuals with this pathological condition. Usually, the first 
symptoms and signs of lung damage (shortness of breath, recurrent lung in- 
fection, emphysema) are observed at ages 20-50 years (Figure 15.3). Rarely, 
in individuals with hereditary alpha 1-antitrypsin deficiency, panniculitis 
develops (especially more often with the PiZZ allele), which is character- 
ized by thickening of the skin with painful bumps and plaques, and can oc- 
cur at any age. Approximately in 10-15% of individuals with hereditary al 
pha 1-antitrypsin deficiency, liver disease develops, leading to cirho: 
organ. Liver disease is strongly associated with the com 
PiZZ, and is characterized by an inereased risk of the development of liver 
carcinoma, 


s of 


Figure 15.3. CT scan of the lungs in different persons with type ZZ, alpha-l-antitrypsin 
deficiency. A — bullae in the lower lung lobes; B — bronchiectasis in the lower lobes with+ 
(out signs of emphy'sema, Fregonese LF, Stolk J. Hereditary alpha-1-antitrypsin deficiency 
1nd its clinical consequences. Orphanet J Rare Dis, 2008; 3: 16, Available under the CC 
BY 2.0 license 
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‘There are 3 main genotypes of the SERPINAI gene - M, $ and Z variants, The level of 
activity of the alpha L-antitrypsin protein depends on the combination of these genotypes. 
‘The most common allele of the SERPINA] gene is the MM allele, which is characterized 
by a sufficient level of alpha 1-antitrypsin protein. Other alleles are associated with a re- 
«duced level of this protein. In people with the PiSS allele, a moderate level of the alpha 1- 
tantitrypsin protein is found, with the PiZZ. allele, a very low level (deficiency) of this 
protein is observed. Approximately 160 million people worldwide have one copy of the $ 
variant (PMS) or one copy of the Z variant (PiMZ) combined with the M variant. Indi- 
viduals with the PiMS combination, as im the PiSS allele, have moderate levels of the 
‘lpha 1-antitrypsin protein, but the PiMZ combination is deficient in this protein. The 
‘most common combination of hereditary alpha -antitrypsin deficiency is PiMS (80%), 
which is wccompanied by PiMZ (13%), PISS (4.7%), PiSZ (1.6%) and PiZZ (0.1%), 

In individuals with germline heterozygous mutations in the SERPINAY gene, alpha 1- 
tantitrypsin protein is deficient or its abnormal form cannot control the damaging effect of 
neutrophil elastase, which destroys the alveoli of the lungs. An abnormal (mutant) form of 
alpha -antitrypsin can accumulate in the liver and damage this organ. Harmful environ- 
mental factors, such as smoking, exposure to chemicals and dust negatively affect the 
course of this disorder. Deficiency of the alpha 1-antitrypsin protein occurs in one out of 
1.500-3,500 people of European descent and is rarely seen in Asians, 

Tyrosinemia is a hereditary disorder (the inheritance pattern is autosomal 
recessive), which is characterized by a break in the multi-step process of 
tyrosine metabolism. 

‘There are three types of tyrosinemia (type 1, 2, and 3), which differ in characteristic ge- 
netic mutations and symptoms. Tyrosinemia type 1 occurs due to germline mutations in 
the FAH gene (15q25.1), which codes for the enzyme fumarylacetoacetate hydrolase. 
‘Fumarylacetoacetate hydrolase is the last of S enzymes that are sequentially involved in 
‘tyrosine metabolism. The liver and kidneys are rich in this enzyme, but other tissues and 
‘organs have this enzyme in small amounts. Tyrosinemia type 2 (Richner-Hanhart syn- 
rome) develops as a result of germline mutations in the TAT gene (16q222), which en- 
codes the tyrosine aminotransferase enzyme. Tyrosine aminotransferase is the first of 5 
enzymes that are involved in the metabolism of tyrosine. Tyrosinemia type 3 develops 
due to germline mutations in the HPD gene (1242431), which codes for the enzyme 4- 


hydroxyphenyipyruvate dioxygenase. 4-hydroxyphenyipyruvate dioxygenase is the sec- 
cond of $ enzymes that are involved in tyrosine metabolism. The liver is very rich in this 
enzyme, but it exists in small quantities in the kidney tissue. 


As known, tyrosine, being an amino acid, is used in the synthesis of 
many proteins in the body. In tyrosinemia, high amounts of tyrosine and its 
related products in tissues and organs can lead to serious health problems, 
‘Tyrosinemia type 1 is the most severe form of tyrosinemia and is character- 
ized by symptoms that appear in the first months of life. Affected infants do 
not grow at the expected rate and may not gain weight due to poor food tol- 
erance. Food rich in protein causes diarrhea and vomiting, There may be 
signs of jaundice, a cabbage smell, and a strong tendency to bleed. Tyro- 
sinemia type 1 can lead to liver and kidney failure and rickets. Neurological 
disorders of various range and hypertrophic cardiomyopathy are often ob- 
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served. Untreated children rarely live beyond 10 years. If the patient over- 
comes the acute phase of the disease, later he develops compensated liver 
cirhosis. Individuals with this disorder are at high risk of developing liver 
carcinoma in childhood or later in life. 

‘Tyrosinemia type 2 can damage the eyes, skin, and affect mental development. Symp- 
toms and signs of the disease appear in early childhood and include eye pain, redness in 
the eyes, rage, hypersensitivity to light (photophobia), thickened and painful skin on the 
palms and soles called palmoplantar hyperkeratosis (Figure 15.4). Approximately 50% of 
people with tyrosinemia type 2 suffer from mental impairment, Tyrosinemia type 3 is the 
atest type of all three. Characteristic features of this type are mental retardation, seizures, 
and periodic loss of balance and coordination (periodic ataxia), 


Approximately 10% of newboms have a temporary inerease in the level of tyrosine in 
the blood plasma (temporary tyrosiemia). Such cases are not genetic and are mainly as- 
sociated with vitamin C deficiency or underdeveloped (immature) liver enzymes due to 
‘prematurity of the baby, 

Glycogen storage disease is a 
group of hereditary disorders, in 
which the synthesis or breakdown of 
glycogen is impaired. There are at 
least 13 types of glycogen storage 
disease, which are united by com- 
‘mon clinical manifestations, but 
fer in specific manifestations and 
varying degrees of severity. Differ- 


ent hereditary mutations are respon- 
sible for the development of particu- 
lar subtypes of glycogen storage 
disease, and, accordingly, different 
links in the synthesis or breakdown 
of glycogen are disrupted, Due to 


Figure 15-4. Symmetrical patchy hyperkera- 
totic yellow plagues on the weight-bearing 
areas of both feet in  7-year-old girl with 
tyrosinemia type 2. She refuses to walk due 
to severe pain. Altamimi E, Alnsour R. Ty- 
rosinemia type 2 presented as food allergy 
Int J Clin Med Image, 2014, 1: 1000237. 
Available under the CC BY 4.0 license. 


the fact that most types of glycogen 
storage disease lead to chronic liver damage, against which HCC can devel- 
op. Glycogen storage disease type I and type III are associated with the de- 
velopment of HCC. 


Glycogen storage disease can be divided into 4 categories: 1) glycogen storuge disease, 
‘which mainly affects the liver and have a direct effect on blood glucose levels (types I, VI 
‘and VIII), 2) glycogen storage disease that predominantly affects muscles and directly 
affect muscle function (types V and VID): 3) glycogen storage disease that affects the liver 
‘and muscles and directly affects blood glucose levels and muscle function (type III}; 4) 
glycogen storage disease that affects the liver, muscles and other organs and do not have & 
direct effect on blood glucose levels and muscle function (types If and IV), 
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Glycogen storage disease type I 
(von Gierke disease) is an autosomal 
recessive disorder characterized by 
abnormal carbohydrate metabolism 
caused by herediti 7 
the enzyme glucos 
(glycogen storage disease 
alu ranslocase 

storage disease type Ib). Glucose-6- 
phosphatase is encoded by the 
GOPC gene (17421.31), glucose-6- 
translocase is encoded by the 
SLC37A4 gene (11q23.3). Glucose- 
G-translocase is responsible for the 
transport of glucose-6-phosphate to 
the endoplasmic reticulum, glucose- 
6-phosphatase is responsible for the 
release of free glucose from glu- 
cose-6-phosphate. Thus, homo- 
Zygous mutations in these genes are 
the cause of type I glycogen storage 
disease. Gierke disease is the most 
common (90%) and more severe 
type of glycogen storage disease. 
The pre 


manifestation includes hepatomegaly, 
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Figure 15.5. MRI image (Gi 
‘of hepatocellular adenoma (arrow) with 


maximum size of 23 mm in a 16-year-old 
male patient with von Gierke disease. The 
patient also had chronic hepatitis B. During 
the 12-month control period, the maximum 
size of liver adenoma reached 34 mm. The 
‘exome sequencing revealed a homozygous 
‘mutation (© G648T) in the GOPC gene. Both 
parents had a heterozygous mutation 
(€G648T) in the G6PC gene. Wang W. Yu 
R, Tan W et al A patient with glycogen 
storage disease type Ia combined with 
chronic hepatitis B infection: a case report. 
BMC Medical Genetics, 2019, 20: 85. 
Available under the CC BY 4.0 license. 


lence of this disease is one case per 50.000 live births, Clinical 


short stature, a round doll face, and a 


bleeding tendency due to impaired platelet agglutination. Patients with this 
disorder often develop liver adenoma, less often focal nodular hyperplasia 
and HCC (Figure 15.5). The pathogenesis of the development of liver ade- 

noma remains unclear. Often, HCC develops from previous adenoma foci. 
The average age at the diagnosis of HCC is 28 (18-45) years, The risk of 
developing HCC is highest in centenarians. 

Glycogen storage disease type III (Cori disease, Forbes disease) is an 
autosomal recessive disorder characterized by impaired glycogen break- 
down caused by hereditary deficiency ofthe enzyme amylo-1,6-glucosidase 
-avage of the a-1,6 bond at the branch points of 
the glycogen molseule, Therefor, iis also called a “debranching” enzyme. 
‘The enzyme amylo-1,6-glucosidase is encoded by the AGI. gene (1p21.2). 
In other words, a homozygous mutation in this gene leads to a deficiency of 
the enzyme amylo-1,6-glucosidase and is the cause of type III glycogen 
storage disease. The prevalence of this disease is one case per 100.000 live 
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births. The prevalence of this disorder is highest among Sephardic Jews of 
North African origin (1/5.000-6.000). Deficiency of this enzyme leads to 
incomplete glycogenolysis and accumulation of abnormally short outer 
chain glycogen in the liver and muscles. In 80-85% of cases, the liver and 
muscles are involved in the process (glycogen storage disease Illa), in 15- 
20% of cases only the liver (glycogen disease IIIb) is affected. Both sub- 
types show hepatomegaly, short stature, and dyslipidemia, but myopathy 
and cardiomyopathy are characteristic only of subtype Ila. Often, patients 


develop liver cirrhosis, which is 
characterized by a high risk of HCC. 
Liver adenoma is found in 4-25% of 
patients with Cori disease. 

Fanconi anemia is also associat- 
ed with an increased risk of HCC in 
addition to head and neck earcino- 
mas and anogenital carcinomas (see 
page 242). In patients with Fanconi 
anemia, not only HCC. but also be- 
nign liver neoplasms, such as hepa- 
tocellular adenoma and focal nodu- 
lar liver hyperplasia are observed 
more often compared to the general 
population. 

Hereditary. breast and ovarian 
cancer syndrome is also associated 
With a S-fold increased risk of liver 
carcinoma (CCC) in addition to 
breast carcinoma, ovarian carcinoma 
and many other cancers (see page 
447). 

Lynch syndrome is also associat- 
ed with an increased risk of devel- 
oping liver carcinoma (CCC) in ad- 
dition to colorectal carcinoma (Fig- 
ure 15,6) and many other cancers 
(see page 406). The lifetime risk of 
developing CCC in patients with 
Lynch syndrome is 2%. 

BAP] tumor predisposition syn- 
drome is also associated with an in- 
creased risk of developing liver car- 


Figure 15.6. Carcinoma of the left hepatic 
duct (41) in a 73-year-old male patient with 
Lynch syndrome, which was detected at 
follow-up examination according to. the 
follow-up protocol for patients with Lynch 
‘syndrome. The patient has a history of right 
hemicolectomy for synchronous carcinoma 
Of the ascending and transverse colon at the 
age of S4 years, resection of the sigmoid 
‘colon for carcinoma at the age of 72 years 
The patient has a family history of colon 
‘carcinoma: the father had rectal carcinoma 
at the age of 50 years, the older brother had 
‘colon carcinoma at the age of 45 years, the 
other brother had colon carcinoma atthe age 
‘of 69 years, one son had colon carcinoma at 
the age of 23 years, the other son had colon 
‘carcinoma at the age of 35 years. Genetic 
testing revealed a ‘mutation in the 
MLHT gene (6-209 21\delAAG), Shigeya 
ssu K, Tanakaya K, Nagasaka T et al. Early 
detection of metachronous bile duct cancer 
in Lynch syndrome: report of a case, Surg 
Today, 2014; 44: 1975-1981, Available un- 
der the CC BY 4.0 license. 
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cinoma (CCC) in addition to melanoma and many other cancers (see page 
198). 


Conditions associating with an increased risk of liver carcinoma 


History of head and neck carcinoma or laryngeal carcinoma is associat- 
ed with an increased risk of developing liver carcinoma. 

‘The risk of liver carcinoma is 60-70% higher in people with diabetes 
mellitus. The level of the risk depends on the duration of diabetes mellitus, 
which is an independent risk factor. Diabetes mellitus further increases the 
risk of liver carcinoma in patients with chronic liver disease, cirrhosis, and 
viral hepatitis. 

The risk of liver carcinoma is about 50% higher in people with metabolic 
syndrome (increased peripheral tissue resistance to insulin, increased plasma 
cholesterol level, increased blood pressure, and increased visceral fat mass). 

According to data from epidemiological studies, education lasting less 
than 10 years is associated with an approximately 70% increased risk of de- 
veloping HCC. 

According to data from recent studies, as life expectancy increases in pa- 
tients with cystic fibrosis, the risk of developing HCC also increases. The 
explanation to this is that 5-6% of patients with cystic fibrosis develop mul- 
tilobular liver cirrhosis during their lifetime. 


CARCINOGENESIS 


In liver carcinogenesis, a variety of pathways may be involved depending 
on factors causing liver carcinoma. Inflammation, necrosis, fibrosis, and on- 
going regeneration are characteristic features of the cirrhotic liver and con- 
tribute to HCC Sevetorenett, In patients with HBV infection, HCC can also 
s with HCV in- 
This differ- 
ence may be related to the fact that unlike HCV, HBV is a DNA virus that 
can integrate in the host genome and produces HBV X protein, which may 
play a crucial role in development of HCC by promoting hepatocyte prolif 
eration. In contrast to this, HCV is an RNA virus that replicates in the cyto- 
plasm of hepatocytes and does not integrate in the host DNA, thereby, can- 
not cause genetic alterations contributing to cell proliferation, 

It should be noted that HBV genotypes appear to be independent factors 
associated with HCC; the risk of HC higher with HBV genotypes C and 
F. Polymorphism in certain genes (KIFIB, HLA-DQ, STAT4, GRIK1) ap- 
pears also to be independent host factors playing role in hepatic carcinogen- 
esis, As a result of the effect of carcinogenic factors, somatic mutations oc- 
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cur in certain genes (TERT, TP53, CTNNBI, ARIDIA, ARID2), which are 
potential driver genes in liver carcinogenesis. 


PATHOMORPHOLOGY 


‘Two main histological types of liver carcinoma are distinguished depend- 
ing on cell of origin: HCC, arising from hepatocytes (80-90%, globally) and 
CCC, deriving from epitheium of the intrahepatic bile ducts (10-20%, glob- 
ally). 

Gross appearance of HCC depends on its clinicopathological variants ac- 
cording to the classification proposed by WHO (2010): early HCC, which 
characterizes by small size (<2.0 cm) and poorly defined margins (vaguely 
nodular type). progressed HCC, which is characterized by small (<2.0 em) 
or larger size (>2.0 cm) and well defined margins (distinctly nodular type). 
Progressed HCC can be grossly divided into following macroscopic vari- 
ants: nodular, massive, and diffise. The nodular type can either consist of a 
single or multiple nodules: single nodules are commonly encapsulated, and 
the multinodular type is an aggregation of varying amount of small nodules. 
‘The massive type is a large tumor with imegular demarcation. The diffuse 
type is defined as many small nodules in a liver lobe or the whole liver. Ap- 
proximately 75-80% of HCC cases is accompanied by background liver cir- 
thosis, 

Uncommon and distinctive clinicopathological variant of HCC, fibrola- 
mellar carcinoma is distinguished, Fibrolamellar carcinoma is typically seen 
in young people (from teen to 40 years) without underlying chronic liver 
disease and with a central scar present in about 75% of the cases. 

Rarely pedunculated and protruded growth of HCC can be observed: ex- 
trahepatically grown HCC with peduncle is termed pedunculated; if a pe- 
dunele is absent the term "protruded" is used. 

Grossly, intrahepatic CCC can be classified into three types: mass form- 
ing, periductal infiltrating and intraductal. Quite possibly that periductal 
and intraductal tumors arise from epithelial lining of larger intrahepatic bile 
ducts, whereas the mass-forming type originates from smaller bile duets. 

Histopathological appearance of HCC varies greatly from patient to pa- 
tient and even in a single patient, different stages of intratumoral differentia- 
tion can be observed. HCC has the following classical histologic types: tra- 
hecular (sinusoidal), pseudoglandular (acinar), diffuse (solid) and undiffer- 
entiated. 

Regardless of histological types, the classical histomorhologie features of 
HCC include well vascularization, vascular invasion, absence of Kupffer 
cells, and loss of the reticulin network. 
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Intrahepatic CCC is an adenocarcinoma with heterogeneous features; 
With variable tubular structures, acini formation and micropapillary architec- 
ture, The following histological types of intrahepatic CCC are distinguished: 
small bile duct type and large bile duct type. Small bile duct type CCC is 
considered to be derived from small bile ducts and presents as small sized 
tubular or acinar adenocarcinoma with nodular growth, demonstrating no or 
minimal mucin production. Large bile duct type intrahepatic CCC arises 
from epithelium of large (segmental) bile ducts and is constituted by mucin- 
producing columnar tumor cells arranged in a large duct or papillary archi- 
tecture, 

Regional lymph nodes involved in liver carcinoma include: hepatic hilar, 
hepatic pedicle, retropancreatic and common hepatic artery stations. Rarely 
distant lymph nodes (para-aortic, mesenteric, supraclavicular, axillary, etc.) 
can be involved, which are considered as distant metastasis. 

Different histological types of liver carcinoma have different metastasis 
pattern to distant organs. Intrahepatic CCC has a higher percentage of liver 
metastasis compared with HCC. Metastasis to the lung and bone is more 
common in cases of HCC compared with intrahepatic CCC. Brain metasta- 
sis is rare for both carcinoma types. 


Staging of liver carcinoma 
‘TNM staging of HCC is detailed on page 678. 


CLINICAL PRESENTATION 


‘The presentation of HCC has altered significantly over the past decades, 
whereas in the past, patients had liver carcinoma in advanced stage at initial 
presentation, but currently HCC is now being increasingly detected at much 
earlier stage due to routine screening of patients with chronic liver disease 

Patients with HCC commonly present with signs and symptoms of chron- 
ic liver disease that inclu 
* Right upper quadrant pain (rarely, due to mass effect of tumor); 

* Pruritus (due to intrahepatic cholestasis): 

* Jaundice (due to intrahepatic cholestasis or liver failure; rarely due to ex- 
trahepatic bile duct obstruction); 

* Variceal bleeding (due to portal hypertension); 

# Increasing abdominal girth (due to ascites owing to hypoalbuminemia 
and/or portal hypertension): 

* Cachexia (due to reduced food intake, malabsorption, and hypermetabo- 
lism); 

* Hepatic encephalopathy (due to hepatic failure related to liver cirrhosis); 
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= Splenomegaly (due to portal hypertension); 
= Hepatomegaly (due to massive tumor). 

Patients with intrahepatic CCC frequently present with "cancer symp- 
toms", which include diminished appetite, weight loss, fatigue, night sweats 
etc. in conjunction with symptoms and signs of cholestasis. 

Patients with advanced liver carcinoma may also have clinical manifesta- 
tion of distant organ metastasis, which is observed in 30-50% of cases at 
initial presentation, with lungs being the commonest site involved, followed 
by bones. 


asterixis, periumbilical collateral veins, enlarged hemorrhoidal veins, pedal 
edema, alcohol stigmata, ete.) commonly hide the signs of early-stage carci- 
noma. In patients with intrahepatic CCC, the signs of cholestasis can be de- 
tected. Large tumors can be palpated in conjunction with enlarged liver. 

In most of the cases, liver carcinoma is detected by US because this di 
agnostic modality is widely used in patients with liver cirrhosis and this is 
the most common imaging study executed for assessing hepatopancreatobil- 
iary system for different reasons due to its accuracy and cost-effectiveness. 
In cirrhotic population, sensitivity of US reaches 60%, specificity 97% in 
detecting HCC. Against the background of regenerative nodules in the cir- 
rhotic liver, ultrasonographic identification of HCC is not easy. On US, 
HCC may demonstrate round or oval mass with sharp, smooth boundaries 
and a range of echogenicity (from hypoechoic or hyperechoic appearance) 
depending on the degree of fatty infiltration, Contrast-enhanced US (CEUS) 
may demonstrate higher sensitivity and specificity (up to 87% and 100%, 
respectively) for diagnosing HCC (Figure 15.7 A). On Doppler analysis, 
HCC is more likely to have more significant arterial blood supply and neo- 
vascularization compared with regenerative nodules. 

‘Tumor found on US suspicious of liver cancer should be confirmed and 
evaluated by CT scan or MRI, which can also asses clinical staging more 
precisely compared with US. 

On CT scan, HCC generally appears as a focal nodule with early en- 
hancement on the arterial phase (because HCC is a hypervascular tumor) 
and rapid washout on portal venous phase, On contrast-enhanced CT, intra- 
CCC commonly exhibits peripheral hyper-enhancement on arterial 
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Figure 15.7. Patient with chronic HCV found to have a 2m hypoechoeic nodule on sur- 
veillance ultrasound scan. Both CEUS and multiphasic contrast-enhanced MRI were per- 
formed. A - CEUS (SonoVue, Bracco) demonstrates avid arterial enhancement within the 
lesion (arrow) at 18 seconds, B- Axial MRI (LAVA) image in the arterial phase shows a 
hypervascular lesion (arrow) in segment 6, Tan CH, Low S-CA, Thng CH. APASL and 
AASLD consensus guidelines on imaging diagnosis of hepatocellular carcinoma: a re= 
view, Intl.J Hepatol, 2011; Article ID 519783, Available under the CCBY 4.0 license 


phase (intrahepatic CCC is a hypovascular tumor) and delayed peripheral 
washout. Sensitivity of CT scan in diagnosing of HCC reaches 65-70%, 
specificity range from 90% to 95%, Unfortunately, small lesions in the liver 
are frequently omitted on CT imaging. Disadvantages of CT scan include 
exposure to radiation, need for iodinated contrast and cost. 

‘On MRI, HCC is commonly demonstrated to have high signal intensity 
on T2-weighed images (Figure 15.7 B). Sensitivity of MRI in diagnosing of 
HCC reaches 80%, specificity 85%. Typically, intrahepatic CCC is hy- 
pointense on T1-weighed, and hyperintense (mild, moderate or marked) on 
‘T2-weighed imaging relative to unaffected liver parenchyma. The degree of 
hyperintensity on T2-weighed imaging is mostly due to the amount of fibro- 
sis, necrosis, and mucin within the tumor. Well differentiated adenocarci- 
noma demonstrates higher signal intensity on T2-weighed imaging com- 
pared to the scirrhous subtype, which has more id 
mucin, 


rosis, less necrosis 


For clinical staging, the lungs should be assessed by chest X-ray exami- 
nation for possible metastasis and chronic lung diseases for pretreatment 
tion. For this purpose, the bones are not checked routinely unless 
re clinical indications, 

The decision to obtain biopsy samples (under the guidance of US) from 
suspected liver carcinoma mainly depends on the size of the tumor, In pa- 
tients with large tumor who are not candidates for liver resection or trans- 
plantation, biopsy is not routinely indicated to verify the diagnosis prior to 
initiating palliative procedures, because clinical and imaging evidence is 


ev 


thei 
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persuasive and biopsy is potentially risky. About half of the lesions smaller 
than 1.0 cm is malignant and false-negative result rate of biopsy is very 
high; thus biopsy is not recommended and close follow-up may be the best 
option in those cases. Biopsy is mainly performed in patients with 1,0-2.0 
cm lesions, because these patients have a substantial risk of malignancy and 
in positive cases they are candidates for hepatic resection, transplantation or 
ablative treatment. Patients with a lesion >2.0 em, cirrhosis, imaging evi- 
dence, elevated AFP titer can be managed without biopsy. Biopsy should 
also be avoided in cases of resectable-stage CC 

On pathologic examination, the presence of bile and staining for AFP 
may be helpful in distinguishing HCC from intrahepatic CCC. 

Once liver carcinoma is diagnosed, pretreatment (preanesthesia) evalua- 
tion includes complete blood count, comprehensive metabolic panel, coagu- 
lation tests, and ECG, which assist in determining optimal treatment. 

Histopathologic ex: ition of surgical specimen (resectate) determines 
the histologic type of carcinoma, its degree of differentiation, T-stage and 
assess the removed lymph nodes. which are important for final pathologic 
staging and planning further treatment. 


TREATMENT 


‘Treatment of patients with liver carcinoma should be performed in a mul- 
tidisciplinary setting: thus, many specialists should be involved in planning 
of optimal treatment strategy for these patients. Choice of treatment option 
depends on the following factors: the size, number and location of the tu- 
mor; presence or absence of liver cirrhosis; operative risk based on liver 
function and other comorbidities: presence of absence of portal hyperten- 
sion; overall performance status; clinical stage of the tumor. 

Although hepatic resection and liver transplantation provide the only 
chances of cure in patients with liver carcinoma owing to absence of effec- 
tive chemotherapy, those treatment options have restricted applicability. 
Hepatic resection can be executed in a limited number of patients (15-30%) 
with HCC due to the degree of underlying cirrhosis. ‘Therefore, in patients 
With compromised liver function, liver transplantation offers the potential 
for cure in patients with small tumors: only 5% of patients with HCC are 
suitable for liver transplantation, which can provide a 5-year survival in 
-75% patients. 


Hepatic resection 


Liver resection is the surgery of choice for patients with HCC smaller 
than 5 cm in the absence of liver cirrhosis. Such patients can tolerate resec- 
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tion of up to 50% of liver volume with postoperative mortality rate of <2% 
in experienced centers. 

Hepatic resection with lymphadenectomy at the level of hepatoduodenal 
ligament is treatment of choice in cases of resectable-stage CCC. Given the 
fact that CCC usually arises within normal background of liver parenchyma, 
most patients can tolerate hepatic resection, unlike patients with HCC, 

Patients with liver cirhosis can tolerate more limited extent of liver 
seetion. Resection of more than two hepatic segments is contraindicated in 
patients with Child class B and C cirrhosis. Nevertheless, patients with HCC 
tolerated hepatic resection can demonstrate long-term survival with 5-year 
survival rates up to 75%, 

Approximately 75% of patients undergone liver resection for HCC may 
develop intrahepatic recurrence within 5 years. Intrahepatic recurrence of 
HCC may be either de novo carcinoma, or the result of occult satellite le- 
sions. Pathological and clinical characteristics associated with a higher rate 
of intrahepatic recurrence include the followings: positive resection margin; 
presence of liver cirrhosis; vascular invasion; higher tumor grade; preopera- 
tive serum AFP level >10.000 ng/ml; preoperative AST level higher than 
twice normal: diagnosis of hepatitis C. 

In patients with intrahepatic recurrence and preserved liver function, re- 
peat hepatic resection is indicated, which can provide prolonged survival. 


Liver transplantation 


liver transplantation has several potential advantages com- 
i HCC. Unlike hepatic resection, 
of intrahepatic recurrence, addi- 
tionally, removes « clearly the cause of de novo HCC 
occurrence. Orthotopic liver transplantation also precludes concems about 
postreseetion liver function decompensation in cases of liver cirrhosis. 

For determining candidacy of patients with HCC associated with liver 
cirrhosis for orthotopic liver transplantation, Milan criteria is used, Accord- 
ing to Milan criteria, patients with a single HCC <5.0 em in diameter, or up 
to three HCCs <3.0 are best candidates for ortho: liver transplantation, 
Which can provide 4-year survival rate of 85%, By comparison, patients 
with a large tumor burden demonstrate 4-year survival rate of 50%. 

Clinical and pathological characteristics of tumor associated with high 
rate of relapse after orthotopic liver transplantation include the followings: 
preoperative serum AFP level >300 ng/ml; bilobar distribution of the tumor, 
vascular invasion (especially macroscopic invasion); higher grade of the 
tumor, 
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It should be noted that clinically evident reinfection with HBV or HCV is 
associated with a higher rate of HCC in transplanted organ: it can occur in 
40% of patients with HCV. In addition, access to deceased donor organs 
causes significantly great restrictions to orthotopic liver transplantation, So 
waiting time for donor organ leads to significant dropout rates among pa- 
tients listed for transplant, more than one third of the patients waiting 12 
months become no longer eligible for this surgery. 


Ablative therapies 


Other alternative treatment options, such as local ablative procedures 
(ethanol injection, radiofrequency ablation, cryotherapy), transarterial che- 
moembolization (TACE), transarterial brachytherapy can be considered in 
patients with liver cancer who are not suitable for curative procedures. Local 
ablative procedures can be performed percutaneously, laparoscopically, or 
via an open surgery. 

Percutaneous ethanol injection is usually executed under the guidance of 
US and was the first ablative method used for HCC. During this procedure 
alcohol is injected directly into the tumor, which can provide complete abla- 
tion in 70% of the lesion in size of <3.0 em; in general, four to six sessions 
are needed for complete ablation. Percutaneous ethanol injection can pro- 
vide 3-years survival rates of 40-55% in patients with Child class A cirrho- 
sis. Unfortunately, this procedure is associated with a high recurrence rate 
depending on the size of tumor: 30-35% for tumors <3.0 em, 40-45% for 
larger tumors. 

Currently, percutaneous ethanol injection has largely been replaced by 
radiofrequency ablation (RFA), in which a special conducting needle (LeV- 
ecn needle) inserted into the tumor and using electric current generates heat 
and desiccates the tissues surrounding the probe. Treatment with this proce- 
dure is usually performed at a single session. RFA can be fulfilled under the 
guidance of US or CT, or laparoscopically depending on the patients” health 
and location of the tumor. ‘This ablative therapy can provide better survival 
compared with ethanol injection and is associated with low complication, 
death and seeding rates (2.2%, 0.3% and 0.5%, respectively). 

RFA can also be used as a bridge to transplant by reducing the risk of 
tumor progression during waiting time for donor organ. Success of RFA 
may be restricted by the presence of large portal or hepatic branches next to 
the tumor. These branches with flowing blood can act as a "heat sink" and 
reduce the ability to heat the tumor tissue to a sufficient temperature, In 
these cases, temporary selective arterial/venous occlusion can be used to 
reduce the amount of "heat sink”. 
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Due to higher complication and lower efficacy rates, eryoablation has 
largely fallen out of the clinical use. 

TACE is fulfilled through selectively cannulating the feeding artery to 
the tumor with delivering high doses of chemotherapeutic agents (doxorubi- 
cin, cisplatin, or mitomycin C). For preventing systemic toxicity, the fe 
ing artery is occluded with gel foam or coils to stop blood flow to the tumor. 
Given the fact that HCCs receive 80-85% of their blood flow from the he- 
patic artery, the therapy can demonstrate selective effect on the tumor, leav- 
ing the normal parenchyma, which is primarily supplied by portal blood, 
minimally affected. TACE can exhibit reduction in tumor burden and im- 
prove survival. TACE is commonly well tolerated and is accompanied by 
minimal morbidity. Postembolization syndrome (characterized by fever, el- 
evated serum ALT level, abdominal pain), being the most common compli- 
cation, is seen in 32-80% of treated patients. ‘The procedure is contraindicat- 
ed in patients with advanced liver cirrhosis and hepatic decompensation. 

Local delivery of low-dose brachytherapy to the tumor is another nonop- 
erative treatment option. During this procedure, 20- to 40-ym glass beads 
that are loaded with ’Y, delivered angiographically to the tumor (over 12 
days with a total radiation dose of about 150 Gy). The maximum distance 
affected is 1.0 em. This approach can downsize the tumor in some percent- 
age of patients, who can subsequently undergo liver transplantation. 


Chemotherapy and targeted therapy 


No apparent benefit of adjuvant chemotherapy following resection or 
RFA was demonstrated. Therefore, currently local treatment modalities (re- 
section, transplantation, RFA) offer the only hope for prolonged survival in 
patients with advanced HCC. 

Adjuvant chemotherapy with capecitabine has recently demonstrated a 
benefit in relapse-free survival in patients with CCC. 

In patients with advanced HCC who are not candidates for surgery and 
local ablative treatments, systemic chemotherapy remains the mainstay of 
the management, despite HCC is minimally responsive to chemotherapeutic 
agents. Younger patients with well compensated hepatic cirrhosis associated 
with HBV or HCV infection have better outcome compared with older pa- 
tients with alcoholic cirrhosis. 

As a single-agent therapy, doxorubicin, cisplatin, or 5-FU are the most 
effective agents with response rates of about 10%. According to data from 
studies, GEMOX regimen (gemcitabine and oxaliplatin) can provide shrink- 
age of large HCC to the point where some could be resected. 

Systemic chemotherapy may improve survival in patients with advanced 
CCC; therefore, chemotherapy is recommended for patients with locally ad- 
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vanced or metastatic disease. Combination of gemcitabine/cisplatin is rec- 
ommended as a standard of care in patients with performance status 0-1; 
cisplatin may be substituted for oxaliplatin in patients with compromised 
renal function. In patients with performance status 2, gemeitabine mono- 
therapy may be considered. 

Currently, in the treatment of advanced HCC, molecular-targeted therapy 
targeting different pathways is also used in patients with unresectable HCC 
multikinase inhibitors (sorafenib, regorafenib); anti-PD-1 monoclonal anti- 
bodies (nivolumab, pembrolizumab);, anti-PD-L1 monoclonal antibodies 
(atezolizumab); multiple receptor (VE 
tors (lenvatinib); small-molecule tyrosine kinase inhibitors (cabozantinib); 
VEGFR2 antagonist (ramucirumab). 

Sorafenib, an agent administered orally, is regarded as a standard medical 
treatment for advanced HCC. Pi its who become nonresponders to initial 
treatment with sorafenib are administered the other aforementioned molecu- 
lar-targeted agents. 


PROGNOSIS 


Overall prognosis for HCC is unfavorable with 5-year survival rate of 17- 
20%. 5-year survival rate is 30-33% in patients with localized disease; 10- 
12% with regional disease; 2-3% with systemic (distant metastatic) disease. 

The extent of liver damage due to cirhosis, portal vein occlusion, pres- 
ence of lymphatic metastasis and distant organ metastasis are independent 
negative prognostic factors. Fibrolamellar histology of HCC is associated 
with improved survival. 


PREVENTION 


1rding to data, more than half of the cases of liver carcinoma (partic- 

ularly HCC) can be prevented by the following measures: 

* Avoiding (quitting) smoking, since about 20% of cases of liver cancer 
are attributable to smoking: 

* Taking the necessary measures in order not to become infected with viral 
hepatitis B and C infections, since more than 40% of cases of HCC are 
associated with these infections. Given the fact that these infections are 
transmitted from person to person through an infected needle (in drug 
addicts) and through casual unprotected sex, getting rid of drug addiction 
and using condoms during casual sex are adequate measures for preven- 
tion of liver carcinoma. Vaccination against the hepatitis B virus can re- 
duce the risk of infection with the mentioned virus and, therefore, the risk 
of developing liver cancer; 
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* Not abusing alcohol, since approximately 10% of liver carcinoma cases 
are attributable to alcohol intake of more than 45 g per day; 

* Avoiding obesity or getting rid of excess body weight by appropriate 
measures, since about 20% of cases of HCC in Westem countries are as- 
sociated with overweight or obesi 

* Using fish products with caution in endemic regions of O. viverrini and 
C. sinensis; 

Having a balanced diet rich in vegetables, fruits and fish, 


Screening for liver carcinoma 


Detecting HCC at early stage is critically important, HCC is more com- 
mon in easter Asian countries due to high prevalence of HBV and HCV 
infections, Therefore, application of screening program in those countries is 
especially significant. Most guidelines recommend screening high-risk pa- 
tients with AFP testing and hepatic US every six months. Guidelines do not 
recommend screening patients with advanced liver cirrhosis who are not 
suitable for potentially curative treatment, excluding patients on transplant 
lists for whom orthotopic liver transplantation would be curative. According 
to data from studies, with active screening the resectability rate for HCC 
diagnosed in high-risk patients reaches 30-50%, which is approximately 
twice the rate in unscreened populations. 


Follow-up for liver carcinoma survivors 


Follow-up of the patients treated for liver carcinoma with hepatic resec- 
tion, liver transplantation or ablative therapies includes imaging studies 
(mainly liver US) and AFP testing carried out every 3 months for the first 
two years, every 6 months for the third year, and once a year thereafter. 
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EPIDEMIOL! AND STATISTICS 


Pancreatic cancer ranks 13th (excluding cutaneous carcinoma) among all 
malignant neoplasms, accounting for 2.6% of all malignancies according to 
GLOBOCAN, 2020. In 2020, 495.773 (in 2012, about 338,000) new cases 
of pancreatic cancer were registered globally. One out of 71 people is at risk 
of developing pancreatic cancer during his lifetime, About 99% of cases of 
pancreatic cancer are attributable to pancreatic carcinoma. 

Compared with females, pancreatic carcinoma is observed in men ap- 
proximately 1.7 times more often: as the age increases, the incidence in both 
sexes becomes almost equal. This carcinoma is rarely seen in people young- 
er than age 40 years. 90% of pancreatic carcinoma cases are found at age 
>65, with approximately half of cases found at age >75 years. The highest 
incidence occurs at age >85 years. 

The highest incidence of pancreatic carcinoma is observed in Eastern, 
Westem, Southem and Northem Europe, Northern America, Australia and 
New Zealand, Western and Eastem Asia, and the lowest is seen in South 
Central Asia, Easter, Middle and Westen Africa. The incidence is 4-5 
times higher in higher HDI countries, likely reflecting the higher prevalence 
of obesity, diabetes, and alcohol consumption. The difference in incidence is 
approximately 20 times between the countries with highest (Hungary) and 
lowest incidence (Pakistan). The incidence of pancreatic carcinoma is higher 
in fair-skinned and black people compared with Asians, In developed coun- 
tries, pancreatic carcinoma is more common in regions with low socioeco- 
nomic levels, Compared to 1990s, the incidence of pancreatic carcinoma 
increased by 14% (16% in women, 9% in men) in the United Kingdom. 

In approximately 80% of patients with pancreatic carcinoma, the cancer 
is found at the advanced stages. In 2020, there were 466.003 (in 2012, about 
331.000) cases of death from pancreatic cancer worldwide, accounting for 
4.7% of all cases of death from malignancies. Pancreatic cancer ranked 7th 
among all of the causes of cancer-related death in 2020 globally (in the 
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United States, 3rd), In the past decade, mortality from pancreatic cancer has 
increased by 7% worldwi 


ETIOLOGIC FACTORS 
Environmental factors 


Smoking is considered one of the causes of pancreatic carcinoma, The 
risk of pancreatic carcinoma is 2-3 times higher in smokers compared to 
non-smokers. The risk strongly depends on the number of cigarettes smoked 
per day and on the duration of smoking. The risk increases by about 30% for 
every 5 cigarettes smoked per day. Passive smoking increases the risk of 
pancreatic carcinoma by about 50%. People who have daily exposure to cig- 
arette smoke since childhood have a 2 times increased risk of developing 
pancreatic carcinoma during their lifetime. 10 years after quitting smoking, 
the risk starts to decrease, and after 20 years it decreases to the level of that 
for non-smokers. 20-30% of pancreatic carcinoma cases are associated with 
smoking as the cause of its development. Similar to tobacco smoking, can- 
nabis and opium smoking also doubles the risk of developing pancreatic 
carcinoma. Pancreatic carcinoma is 80% higher in people who consume 
naswar. 

Drinking alcohol regularly (alcohol abuse) is considered a probable 
cause of pancreatic carcinoma. The risk of pancreatic carcinoma is 20% 
higher in people who drink >50 g of alcohol per day; drinking 1 unit (10 g) 
of alcohol for women and 2 units (20 g) for men is not associated with an 
increased risk of pancreatic carcinoma, The role of alcohol in increasing the 
risk of pancreatic carcinoma is explained by the fact that its metabolite, ac- 
etaldehyde, has carcinogenic activity (see page 299), and chronic alcohol- 
ism leads to the development of 
chronic pancreatitis (see below). 

Cooking at high temperatures or 
over fire can form carcinogens, such 
as acrylamide, heterocyclic amines, 


and PAHs. Acrylamide is formed 
when potatoes, com, ete. fried at 
temperatures above 120° C from 


asparagine contained in these prod- 


ucts with the participation of sugars | 
(Figure 16.1), Heterocyclic amines 
and PAHs are formed when cooking 
meat (red meat, fish, poultry meat) 


at high temperature in the form of a Figute 16.1, Acrylamide containing foods, 
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grill or barbecue, In the body, acrylamide is converted to glycidamide, 
which is more carcinogenic than acrylamide. According to data, approxi- 
mately 0.01% of pancreatic carcinoma cases are attributable to exposure to 
acrylamide due to occupation (in the industry of paint, paper, etc.). 

Following unbalanced, non-healthy diet can be associated with an in- 
creased risk of developing pancreatic carcinoma. Regularly consuming pro- 
cessed or red meat is considered a probable cause of pancrea i 
ing 50 g of processed meat per day is associated with an 
(by 20%) of developing pancreatic carcinoma, and 120 g of red meat by 
about 30%, 

Regularly consuming fructose-containing foods and drinks is considered 
a possible cause of pancreatic carcinoma. Taking 25 g or more of fructose 
per day is associated with an increased risk (by 25%) of developing pancre- 
atic carcinoma. 

Regularly consuming saturated fatty acids is considered a possible cause 
of pancreatic carcinoma. Consuming unsaturated fatty acids is not associat- 
ed with an increased risk of developing pancreatic carcinoma, 

Exposure to *”Th and its cleavage products, X-ray and gamma radiation 
is considered one of the causes of pancreatic carcinoma. Approximately 2% 
of pancreatic carcinoma cases in women and 4% in men are associated with 
radiotherapy for other previous malignancies. 

Exposure to inorganic arsenic is considered one of the causes of pancre- 
atic carcinoma. People are exposed to this factor mainly with water contam- 
inated with these chemical compounds; especially with well or artesian wa- 
ter, According to data, in regions where the concentration of inorganic arse- 
nic in water is higher than normal (see page 154), the risk of developing 
pancreatic carcinoma increases by 2-2.5 times. 


Precancerous lesions and diseases 


In patients with chronic pancreatitis, the risk of developing pancreatic 
carcinoma is 2-20 times higher compared to the general population, ‘The risk 
of developing pancreatic carcinoma in the corresponding patients is strongly 
dependent on the length of time since the initial diagnosis of chronic pan- 
creatitis. According to data from studies, the risk is up to 16 times higher 
within 2 years from the initial diagnosis of chronic pancreatitis, 8 times 
higher within 5 years, 3.5 times higher within >9 years. The risk also de~ 
pends on the age of the patient with chronic pancreatitis: in patients aged 

65 years, chronic pancreatitis (with a duration of this disease <2 years) is 
associated with pancreatic carcinoma more often compared with corre- 
sponding patients aged >65 years. 
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Tropical chronic pancreatitis, which is a specific subtype of chronic pan- 
creatitis, is characterized by an increased risk of developing pancreatic car- 
cinoma. Tropical chronic pancreatitis is observed in underdeveloped tropical 
countries and is characterized by a young age of patients, the development 
of intraductal stones and rapid progression to exocrine insufficiency. 

‘Tropical chronic pancreatitis isa juvenile form of chronic calcified non-alcoholic pan- 
creatitis and occurs almost exclusively in the underdeveloped tropical countries. The clas 
sic triad of the disease consists of abdominal pain, steatorshea, and diabetes mellitus, Dia- 
betes mellitus in this disease is called fibrocalculous pancreatic diabetes, which manifests 
ivelf inthe later stages of the disease, Other hallmarks of tropical chronic pancreatitis are: 
cnsct at a young age, the presence of a large intraductal calculus, a more aggressive 
course, and a high risk of developing pancreatic carcinoma. A pancreatic calculus is the 
main distinguishing feature, but in non-calcified cases, enlargement of the duct of Wi 
sung helps make the diagnosis Diabetes mellitus is quite severe and is an msulin- 
requiring type 

‘Mucinous cystic tumor of the pancreas is a huge, septated, thick-walled 
mucinous cyst that has no communication with the ductal system and ac- 
counts for 8% of resected cystic neoplasms of this organ. This neoplasm is 
mainly found in middle-aged women and in >95*% of cases is located in the 
body and tail of the pancreas. In 15-30% of cases, invasive carcinoma is 
found in the removed cyst. In other words, cystic neoplasms can undergo 
malignant transformation in a certain percentage of the cases. 

Often a mucinous cystic tumor of the pancreas is confused with an intraductal papillary 
‘mucinous tumor of this organ. These neoplasms are different nosological entities, Ovari- 
an-type stroma is a pathognomonic morphological criterion for mucinous cystic tumor 
and a key feature in differentiating these two neoplasms It should be noted that the stro- 
‘ma of this tumor expresses estrogen and/or progesterone receptors, which confirms the 
opinion about the role of female sex hormones in the pathogenesis of mucinous cystic 
tumors ofthe pancreas. 

Diabetes mellitus and impaired glucose tolerance are observed in 50- 
80% of patients with pancreatic carcinoma. On the other hand, the risk of 
pancreatic carcinoma is 2 times higher in people with diabetes. The risk de- 
pends on the duration of diabetes mellitus since its first signs; the risk is 
highest (about 3 times) in diabetics diagnosed in the last 2 years. 2% of pa- 
tients with diabetes mellitus develop pancreatic carcinoma within 3-5 years, 
starting from the first signs of diabetes. The risk of developing pancreatic 
carcinoma in patients with diabetes also depends on the age of the patient 
(the younger the age, the higher the risk). It should be noted that the ris! 
higher in those patients whose diabetes mellitus appeared suddenly and who 
do not have a family history of diabetes mellitus. 

Obesity is considered one of the causes of pancreatic carcinoma. There is 
evidence that the risk of pancreatic carcinoma is 50-60% higher in obese 
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individuals, Approximately 12% of pancreatic carcinoma cases are associat 
ed with obesity or overweight. The risk of pancreatic carcinoma increases 
by 10% for every 5 units of body mass index increase and by 11% for every 
10 cm increase in waist circumference. 


Hereditary disorders 


In 3-10% of pancreatic carcinoma cases, hereditary factors are the cause 
of this cancer. ‘The following hereditary genetic mutations play a role in the 
development of pancreatic carcinoma. It is not excluded that, along with the 
following hereditary factors, there are other genetic mutations that are not 
yet known, 

* Peutz-Jeghers syndrome, 

= Hereditary pancreatitis, 

+ Familial atypical multiple mole melanoma syndrome, 
* Lynch syndrome, 

+ Hereditary breast and ovarian cancer syndrome, 

* Ataxia telangiectasia, 

= Germline heterozygous mutations in the PALB2 gene, 
+ Familial adenomatous polyposis, 

+ Juvenile polyposis syndrome, 

=  Li-Fraumeni syndrome. 


Peutz-Jeghers syndrome is also associated with an increased risk of pan- 
creatic carcinoma in addition to many other carcinomas (see page 403), The 
risk of developing pancreatic carcinoma in individuals with Peutz-Jeghers 
syndrome is about 100 times higher compared to the general population. In 
other words, individuals with Peutz-Jeghers syndrome have very high risk 
of developing pancreatic carcinoma, with 35% of these individuals develop- 
ing this cancer (Figure 16.2). Pancreatic ductal adenocarcinoma, intraductal 
papillary mucinous neoplasms, and serous eystadenocarcinomas can be seen 
in individuals with this syndrome, 

Hereditary pancreatitis is a rare hereditary disease (the inheritance pat- 
tem is autosomal dominant), the cause of which in 65-80% of cases is he- 
reditary heterozygous mutations in the PRSS/ gene (7434), The remaining 
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ses are associated with germline 
mutations in the SPINK] (5q32), 
CFIR (7431.2), and CTRC 
(1p36.21) genes. The PRSSI gene 
encodes a cationic trypsinogen, a 
proenzyme that is produced in aci- 
nar cells, secreted into the pancreat- 
ie ducts, and then transported to the 
duodenum to participate in protein 
digestion. In the duodenum, trypsin- 
ogen is converted to trypsin, which 
cleaves proteins at lysine and argi- 
nine sites. After participating in pro- 
teolytic cleavage, trypsin itself’ is 
cleaved and thereby, inactivated. 
With mutations in the PRSS/ gene, 
the 117th amino acid in the structure 
of trypsinogen, arginine is replaced 
by histidine; and hence, it is not 
cleaved in this region, as a result of 
which it is not inactivated. Along 
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Figure 16.2 CT scan of pancreatic earcino- 


‘ma in a 62-year-old woman with Peutz- 
Jeghers syndrome. The patient has a history 
of cholangiocarcinoma (9 years ago) and 
cervical carcinoma (7 years go), 20 years 
‘ago, the patient developed characteristic 
‘melanin hyperpigmentation on the palm and 
hhamartomatous polyposis of the gastrointes- 
tinal tract Yoshikawa T, Abe T, Amano H 
et al. Metachronous triple cancer associated 
with Peutz-Jeghers syndrome treated with 
curative surgery: a case report. Surg Case 
Rep, 2018; 4, $4, Available under the CC 


: : r 40 
with this, with mutations in the men- PY 40 Heense 


tioned gene, trypsinogen is converted to trypsin prematurely, in acinar cells 
and in the pancreatic duct. ‘Thus, this change in the structure of trypsinogen 
and its premature conversion to trypsin causes acute pancreatitis, damaging 
the tissue of the pancreas itself. Recurrent acute pancreatitis leads to the de- 
velopment of chronic pancreatitis, which is associated with an increased risk 
of pancreatic carcinoma as stated above. 

Hereditary pancreatitis associated with mutations in the SPINKT gene can be inherited 
{n.an autosomal dominant or autosomal recessive manner, depending on the type of muta- 
tion. The inheritance of cystic fibrosis associated with mutations in the CFTR 
pr whit. of ae ln fe ereopnet of peace tonal re 


‘The SPINKI gene encodes a protein called inhibitor of serine proteases KI (serine pro- 
tease inhibitor Kazal type 1, SPINK1), which is a trypsin inhibitor produced by acinar 
cells and contained in pancreatic juice. The CFTR gene encodes a protein called cystic 
“fibrosis transmembrane conductance regulator (CFTR protein), which functions as a 
chloride ion channel (chloride ions control the amount of water in the juice) due to that 
the pancreatic juice becomes liquid and moves freely. The CTRC gene encodes a special 
protein called chymotrypsin C (CTRC), which regulates the activation and degradation of 
trypsinogen 
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‘As stated above, the development of hereditary pancreatitis relates to cationic trypsino- 
‘Ben, not anionic, The ratio ofthe two types of trypsinogen in pancreatic juice is, 2:1, re- 
spectively. Cationic trypsinogen has unique properties: 1) it is easily autoactivated, in 
contrast fo anionic trypsinogen, 2) itis more resistant to autolysis ata high concentration 
of calcium ions in pancreatic juice compared with anionic trypsinogen. Differentiating 
hereditary pancreatitis from other types of acute pancreatitis is difficult. Clinical course, 
complications of hereditary pancreatitis are the same as in other pancreatitis, Clinically, 
the diagnosis is helped by the young age of patients, autosomal dominant type of inher- 
‘tance and unknown cause of pancreatitis 


Hereditary pancreatitis is defined as recurrent acute pancreatitis and/or 
chronic pancreatitis in two first-degree relatives or three second-degree rela- 
tives over two or more generations and the cause of the pancreatitis cannot 
be determined. There is no exact data on the incidence of this disease. It is 
estimated that the incidence of hereditary pancreatitis in Europe is 3 cases 
per 1.000.000 population. Symptoms and signs of the disease appear at av- 
erage age 10-11 years, typically up to 30 years. Despite the similarity of la- 
boratory and histological data of alcoholic and hereditary chronic pancreati- 
tis, calcification and diabetes mellitus are less common in hereditary chronic 
pancreatitis. Diabetes mellitus develops in a quarter of patients, and the risk 
of developing diabetes increases with age. The risk of developing pancreatic 
carcinoma in hereditary chronic pancreatitis is about 50 times higher com. 
pared to the general population. In other words, 40% of patients with heredi- 
tary pancreatitis develop pancreatic carcinoma during their lifetime, 

Familial atypical multiple mole melanoma (FAMMM) syndrome related 
to CDKN24-mutation is also associated with an increased risk of panereatic 
carcinoma in addition to cutaneous melanoma (see page 195). Individuals 
with this syndrome have a 13 to 28-fold (20 times on average) increased risk 
of developing pancreatic carcinoma and approximately 17% of affected in- 
dividuals develop this cancer during their lifetime. Pancreatic carcinoma is 
the second most common malignant tumor after melanoma in individuals 
with FAMMM syndrome associated with germline mutations in the 
CDKN2A gene. In individuals with a germline mutation in the CDKN24 
gene, the risk of developing skin melanoma is 60-90% by age 80 years, the 
risk of developing pancreatic cancer is 20% by age 75 years. Pancreatic car- 
cinoma is especially common in individuals with a deletion of the 19th base 
pair in the 2nd exon of this gene, which is called p/6-Leiden (CDK2NA 
gene was previously designated as p/6). 

Lynch syndrome is also associated with an increased risk of developing 
pancreatic carcinoma in addition to colorectal carcinoma (Figure 16.3) and 
many other carcinomas (see page 406). In individuals with this syndrome, 
the risk of developing pancreatic carcinoma is about &-9 times higher com- 
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pared to the general population. Per- 
sons with Lynch syndrome have a > 
cumulative risk of developing pan- 


Rice ech gran 


creatic carcinoma of approximately sn 
4% by age 70 years, Pancreatic car- ane 
cinoma is especially common in sn 
Lynch syndrome associated with — 2», 
germline mutations in the MSH2 i. 


gene. im 

Hereditary breast and ovarian sed 
cancer syndrome is also associated Figure 16.3. The risk of developing the see- 
with a 2-4-fold (2-3 times with a ond primary tumor in individuals with 
mutation in the BRCA/ gene and 3-4 Lynch syndrome after diagnosing the first 
times with mutations in the BRCA2 "™M9F 
gene) increased risk of developing pancreatic carcinoma in addition to 
breast carcinoma and many other malignancies (see page 447). According to 
data from studies, 6-12% of cases of familial pancreatic carcinoma are asso- 
ciated with germline mutations in BRCA genes. Mutations in the BRCAI 
and BRCA2 genes are very common in certain populations: 1% of Ashkena- 
zi Jews are carriers of their characteristic mutation (deletion of thymine at 
codon 6174) in the BRCA2 gene. For this reason, according to ethnicity, 
pancreatic carcinoma is observed more often in Ashkenazi Jews compared 
with other ethnic groups. 

Ataxia telangiectasia is a hereditary autosomal recessive disorder asso\ 
ated with very high risk of developing hematolymphoid, melanocytic, epi- 
thelial malignancies (see page 201), Not only in individuals with germline 
homozygous (in patients with this disease), but even of heterozygous muta- 
tions in the ATM gene (in carriers), along with many other malignancies 
(breast carcinoma, gastric carcinoma, ete.) also the risk for pancreatic carci- 
noma increases (by 2-3 times). 

Germline heterozygous mutations in the PALB2 gene (16p12.2) are re- 
sponsible for approximately 3% of cases of familial pancreatic carcinoma 
(inheritance pattern is autosomal dominant). The PALB2 gene is the second 
most frequently mutated gene in hereditary pancreatic carcinoma, This gene 
codes for the PALB2 protein (partner and localizer B2), which binds to the 
BRCA2 protein and becomes a partner when performing the functions of the 
latter one. Germline heterozygous mutations in the PALB2 gene is also as- 
sociated with an increased risk of developing breast and ovarian carcinoma 
and lead to the development of Fanconi anemia with homozygous mutations 
(see page 242). Due to germline heterozygous mutations in the PALB2 gene, 
tumors in the pancreas can arise from exocrine and endocrine cells, but in 
95% of cases, they originate from exocrine cells. 
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The prevalence of germline heterozygous mutations in PALB? gene is |.2-3.4% in the 
European population, less oflen in the Asian people. In Japan, a germline heterozygous, 
mutation in the PALB2 gene 1s found in 0.35% of the population. A mutation in this gene 
poses a moderate risk of developing breast carcinoma, The PALB2 protein, together with 
the BRCAL and BRCA2 proteins, creates the BRCA1-PALB2-BRCA2 complex (sulbse- 
quently, the RADSI protein also binds to this complex), which is involved in the repair of 
DNA double-strand breaks (homologous recombination). It should be noted that double 
strand breaks are the most lethal form of DNA damage, 


Germline heterozygous (monoallelic) mutations in the BRCA2 and PALB2 genes are as- 
sociated with an increased risk of developing breast carcinoma, pancreatic carcinoma, and 
some other carcinomas. Inherited homozygous (biallelic) mutations in the BRCA2 ancl 
ALB? genes cause Fanconi anemia (see page 242), 

Familial adenomatous polyposis (FAP) is associated with a 4-5-fold in- 
creased risk of pancreatic carcinoma in addition to colorectal, gastric, duo- 
denal, thyroid, ete. carcinomas (see page 400). According to data, pancreatic 
carcinoma can develop in 2% of FAP cases. This risk is also high in other 
subtypes of FAP: Gardner syndrome, attenuated familial adenomatous poly- 
posis (AFAP). 

Juvenile polyposis syndrome is also associated with an increased risk of 
pancreatic carcinoma in addition to many other gastrointestinal carcinomas 
(see page 410). 

Although the main oncologic spectrum of Li-Fraumeni syndrome (see 
page 280) does not include pancreatic carcinoma, this hereditary disorder is 
also associated with an increased risk of developing this cancer. So the life- 
time risk of developing pancreatic carcinoma is 1-2% in individuals with 
this syndrome, 


Conditions associating with an increased risk of pancreatic 
carcinoma 


‘The risk of developing pancreatic carcinoma is about 70% higher in peo- 
ple with a family history of pancreatic carcinoma (in one first-degree rela- 
tive). The risk is further increased when several (more than one) relatives 
have this history and when panereatic carcinoma is discovered in relatives at 
a young age. 

‘According to data, prostate carcinoma, colon carcinoma and ovarian carcinoma in a 
family history are associated with an increased risk of developing pancreatic carcinoma 
(by 50%, 70% and 5 times, respectively) 

‘The risk of developing panereatic carcinoma is higher in individuals with 
a history of carcinoma of the upper aerodigestive tract (COM, larynx), gy 
necological (endometrium, ovary), urological (kidney, bladder) and other 
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organs (mammary gland, stomach, testis). The risk varies with age and the 
length of time since the diagnosis of the mentioned carcinomas. ‘This com- 
bination most likely reflects common risk factors (smoking, genetic and re- 
productive factors) with previous malignancies. 

Overweight (BMI >25kg/m?) is considered one of the causes of pancreat- 
ic carcinoma as stated above. 

According to data from studies, the risk of developing 13 malignant tumors, including 
Pancreatic carcinoma, is associated with obesity (see page 29), Over the past SO years, the 
prevalence of obesity has tripled in the United States. The role of obesity in increasing the 
Tisk of developing malignant tumors 1s explained by metabolic disorders, which are re- 
flected in the signaling of growth factors and in angiogenesis. Obesity during adolescence 
has been shown to be associated with a 4-fold increased lifetime risk of developing pan- 
ereatic carcinoma. 

Tall people have a higher risk of pancreatic carcinoma, This is more like- 
lyto be due to the general genetic, hormonal, environmental and dietary fac- 
tors rather than the "law of cause and effect”. 

‘The risk of pancreatic carcinoma is approximately 60% higher in women 
with metabolic syndrome compared to the general female population. ‘This 
risk is not associated with metabolic syndrome in men. 

Limited physical activity has been shown to be associated with an in- 
creased risk of developing pancreatic carcinoma. 

In patients with gallstone disease, the risk of developing pancreatic car- 
cinoma is 25-100% higher compared with people without the mentioned 
disease. The risk of pancreatic carcinoma is 25-110% higher in individuals 
with a history of cholecystectomy. The risk is highest in the short time after 
the diagnosis of cholelithiasis, which is explained by increased study activi- 
ty in the appropriate patients or by underdiagnosis. 

According to data from studies, the risk of detecting pancreatic carcinoma is about 60 
times higher in people who underwent cholecystectomy a year or less ago. Such a high 
risk is explnined by the fact that signs of concomitant pancreatic carcinoma are often mis- 
taken for symptoms of gallstone disease, and the detection of a stone in the gallbladder at 
the initial stage of diagnosis often limits more adequate and informative studies. The risk 
of developing pancreatic carcinoma is 70% higher in individuals who underwent chole- 
cystectomy 20 Years ago. It is not excluded thatthe increased risk of developing pancreat- 
ie carcinoma afte a long period of time following cholecystectomy is du tothe fnct that 
after the mentioned surgical procedure, conditions are created for a continuous outflow of 
bile and/or an increase in intraluminal pressure in the common bile duct (as known, with a 


functioning gallbladder, bile is transported during digestion), increasing the risk of bile 
‘reflux into the duct of Wirsung, which 1s considered one of the factors contributing to the 


development of pancreatic carcinoma. 
Individuals with a history of total or subtotal gastrectomy have been re- 
ported to be 6 times more likely to develop pancreatic carcinoma over the 
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next 2 years after surgery (2-5 times more after °20 years), This most likely 


‘After appropriate surgical 
tallbladder is disrupted, which can Jead to continuous transport of bile into the duodenum 
tus well as bie reflux into the duct of Wirsung, which through the above described mech- 
‘anism may increase this risk. 


People with blood type A have a 40% higher risk of developing pancreat- 
ic carcinoma compared to people with other blood types. 

Patients with hepatitis B have a 20-40% higher risk of developing pan- 
creatic carcinoma compared to people without this infection. 

Individuals with H. pylori infection in Europe have been reported to have 
a 55-60% higher risk of developing pancreatic carcinoma compared to peo 
ple without the infection. 


People with periodontal disease and edentulism have an increased risk of 
developing pancreatic carcinoma through unknown mechanisms. 

Compared to other populations, pancreatic carcinoma is significantly 
more common in Ashkenazi Jews. This may be due to the fact that Ashkena- 
zi Jews are more likely to have hereditary mutations in the BRCA2 gene, 
which is often associated with developing pancreatic carcinoma (see above). 
As stated above, the risk of developing pancreatic carcinoma is higher in 
fair-skinned and dark-skinned people compared to Asians. 

According to data, the risk of developing pancreatic carcinoma is slightly 
higher in populations with /ow socioeconomic status. 


CARCINOGENESIS 


Pancreatic carcinoma is a genetically complex and heterogeneous dis- 
ease, The carcinogenesis is confusing in terms of the genetic alterations and 
pathways involved in pancreatic carcinoma. ‘The long time from early to 
clinically manifested disease allows for an accumulation of complex genetic 
alterations. ‘The initial alterations appear to be related to KRAS gene muta- 
tions. Thereafter, CDKN 24 is involved with its inactivation. Finally, the in- 
activation of 7P53 and MAD4/DPC4 occurs. These mutations have been 
correlated with development of dysplasia and ultimately with the develop- 
ment of ductal adenocarcinoma. Certain precursor lesions have been asso- 
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ciated with pancreatic carcinoma arising from the ductal epithelium of the 
pancreas. The main premalignant lesion associated with pancreatic ductal 
adenocarcinoma is pancreatic intraepithelial neoplasia. These lesions occur 
due to specific genetic alterations that contribute to the development of in- 
vasive ductal adenocarcinoma, 


PATHOMORPHOLOGY 


Approximately in 70-75% of pancreatic carcinoma cases, the tumor is lo- 
cated in the head and neck of the pancreas, in 15-20% of cases occurs in the 
body of the pancreas, and in 5-10% of cases in the tail. The average size of 
carcinoma located in the head of the pancreas constitutes 5.0 cm, in the 
body and tail of that 12.0 cm at initial diagnosis due to the fact that pancre- 
atic head carcinoma can obstruct common bile duct when it even has small 
size, manifesting obstructive jaundice, which immediately takes the patient 
to the doctor. 

Pancreatic carcinoma arises from exocrine cells of the pancreas: from 
ductal and acinar cells. Pancreatic carcinoma mostly develops from the duc- 
tal epithelium, incomparably less often from acinar cells (acinar cell carci- 
noma). Pancreatic carcinoma originating from the ductal epithelium demon- 
strates several histological types. most often (75-90%) ductal adenocarci- 
noma. 

Other rare pathological types of pancreatic carcinoma develop from the 
ductal epithelium as well: adenosquamous carcinoma, colloid carcinoma, 
signet-ring cell carcinoma, cystadenocarcinoma, papillary cystic carcino- 
‘ma, giant cell carcinoma, clear cell carcinoma, anaplastic carcinoma, etc, 

Pancreatic carcinoma is one of the most aggressive malignant tumors. 
Ductal adenocarcinoma is the most aggressive type of pancreatic carcinoma. 
Due to its aggressive biological properties, pancreatic adenocarcinoma is 
difficult to detect at early stages. At the time of diagnosis, about one third of 
patients with pancreatic carcinoma have lymphatic metastasis, more than 
half of patients have distant metastasis. Distant metastases mostly develop 
in the liver; however, rarely distant metastasis can also be found in the lungs 
and other organs. 


Staging of pancreatic carcinoma 
‘TNM staging of pancreatic carcinoma is detailed on page 679. 


CLINICAL PRESE 


NTATION 


‘The initial symptoms of pancreatic carcinoma are often nonspecific and 
subtle; patients typically report the gradual onset of nonspecific general 
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symptoms (called also "cancer symptoms") and midepigastrie or back pain, 

Given that pancreatic carcinoma is very aggressive carcinoma, "cancer 

symptoms" (anorexia, malaise, fatigue, ete.) are very frequently reported by 

the patients. 
Patients with pancreatic carcinoma may present with the following symp- 
toms and signs: 

* Significant unexplained weight loss, which is characteristic of pancreatic 
carcinoma (due to hypermetabolism in aggressive cancer with rapid cell 
division); 

* Midepigastric pain with radiation to the middle back, often unrelenting 
(when tumor invades or compresses the splanchnic nerve plexus); 

* Painless obstructive jaundice, which is the most characteristic sign of 
pancreatic head carcinoma (due to malignant obstruction of the distal 
common bile duct): 

* Pruritus, which is often the patient's most distressing symptom (due to 
obstructive jaundice); 

* Migratory thrombophlebitis (Trousseau syndrome) and venous throm- 
bosis, which are frequently observed in patients with pancreatic carcino- 
ma and may be the first presentation of the disease: 

* Painless palpable gallbladder in patients with obstructive jaundice 
(Courvoisier sign), which is characteristic of malignant obstruction of 
distal common bile duct, unlike other causes of obstructive jaundice; 

* Concomitant diabetes mellitus, often within the previous one or two 
years. 


Courvoisir sign is also called Courvoister’s law or Courvoisier syndrome. According to 
Courvoisier’s law, if gallbladder is palpable in a jaundiced patient and is painless on pal- 
pation, itis unlikely to be due to gallstones. It is because: firstly, in obstructive jaundice 
caused by choledocholithiass, intraluminal pressure inthe biliary tract cannot reach sul- 
ficient level (because stones cannot obstruct the lumen of the commen bile duct complete- 
ly and bile can bypass) to dilate the gallbladder significantly, and secondly, gallstones 
‘would have given rise to chronic inflammation and subsequently fibrosis ofthe gallblad- 
der, therefore, rendering it incapable of dilatation. Conversely, tumors obstruct the com 
mon bile duct completely, producing high leve! of intraluminal pressure, which can readi- 
ly dilate non-fibrotic gallbladder. Ifthe gallbladder is palpated in a patient with obstruc- 
Live jaundice caused by choledocholithiasis. itis likely to be painful on palpation due to 
cute cholecystitis, 

Patients with advanced or metastatic pancreatic carcinoma may present 
with the following symptoms and signs: 
* Hepatomegaly (due to multiple liver metastases) and/or splenomegaly 

(due to portal vein obstruction or thrombosis) and/or large belly (due to 

massive ascites); 
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* Paraumbilical subcutaneous metastasis (Sister Mary Joseph's nodule or 
nodules), 

* Palpable enlarged left supraclavicular lymph node (Virchow node or 
‘Troisier sign); 

* Palpable (on rectal examination) metastatic mass in the rectal pouch 
(Blumer's shelf). 


DIAGNOSTICS: 


Clinical examination (history taking, inspection, palpation, percussion) 
can provide valuable information for diagnosis in patients with pancreatic 
carcinoma, Due to aggressive clinical course and nonspecific symptoms at 
earlier stages, pancreatic carcinoma is rarely diagnosed at early stage. Alt- 
hough pain is the common presenting symptom in patients with pancreatic 
carcinoma, about one third of the patient may not have pain, Nevertheless, 
all patients with pancreatic carcinoma experience pain at some point of clin 
ical course of the disease. 

On inspection, jaundice, cachectic appearance of patients or skin excoria- 
tions from unrelenting pruritus may be observed. Pancreatic carcinoma man- 
ifesting symptoms and signs can be palpated in non-obese patients. On pal- 
pation, Courvoisier sign can also be observed. Palpation can also detect Sis- 
ter Mary Joseph's node, Virchow node, Blumer's shelf, which signify ad- 
vanced disease. Palpation and percussion can also reveal hepatomegaly, 
splenomegaly and massive ascites, which are mostly indicative of advanced- 
stage pancreatic carcinoma. 

When pancreatic carcinoma is suggested clinically, a number of imaging 
studies that are continually evolving, can be used to diagnose the disease. 
These imaging studies include the followings: abdominal US, EUS, CT 
scan, MRI, PET sean, ERCP. Which of these modalities are used at a partic- 
ular institution may depend largely on the local availability of and experi- 
ence with the procedure, as well as local cancer protocols 

Although abdominal US is less expensive and more readily available 
than CT scan, the former modality has less diagnostic significance in pa- 
tients with pancreatic carcinoma compared with CT scan because the pan- 
creas is often obscured by overlying gas from the stomach, duodenum and 
colon, In addition, the depth of the pancreas from abdominal wall limits the 
resolution produced by low-frequency (2-5 MHz) US. Therefore, US can 
detect only 60-70% of pancreatic carcinomas; more than 40% of the lesions 
<3.0 cm are missed. However, abdominal US is very useful as an initial test 
in evaluating patients with possible obstructive jaundice. By detection dila- 
tation of extra- and/or intrahepatic bile ducts, US can rapidly and accurately 
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determine whether or not a patient 
has a biliary obstruction; the level 
and cause of biliary obstruction ean 
be also assessed in many patients. 
For accurate diagnosis and staging, 
other more informative diagnostic 
modalities (CT scan, EUS, MRCP. 
PET or ERCP) should be performed. 

Because of its ubiquitous availa- 
bility and high accuracy in detecting 
pancreatic tumors, CT scan contin- 
ues to be the mainstay of initial di- 
agnostic workup in patients suspect 
ed to have pancreatic carcinoma 
(Figure 16.4). Newer scanner tech- 
niques (spiral CT scanning. dual- 
phase or triple-phase contrast en- 
hancement, 3D imaging, multidetec~ 
tor CT scanning) have significantly 
improved the sensitivity and speci- 
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Figure 164. Axial contrast-enhanced CT 
scanning of carcinoma in the body of the 
pancreas (arrow) in 83-year-old female pa- 
tient. Sato N, Takano S, Yoshitomi H et al 
Needle tract seeding recurrence of pancreat- 
ic cancer in the gastric wall with paragastric 
lymph node metastasis after endoscopic 
ultrasound-guided fine needle aspiration 
followed by pancreatectomy: a case report 
and literature review. BMC Gastroenterol, 
2020, 20: 13, Available under the CC BY 
40 license 


ficity of abdominal CT scanning in terms of the detection and assessment of 
pancreatic carcinoma. Pancreatic carcinoma appears as lower density lesion 
on contrast-enhanced CT scan. CT scanning may be more accurate com- 
pared wit 


EUS in the assessment of the tumor relationship to superior mes- 
enteric vessels (especially to superior mesenteric artery), Which is one of the 
main determinants of resectability of panereatic carcinoma. Contrast 
enhanced CT scanning can determine preoperative stage (T, N, and M cate- 
gories) and resectability of pancreatic carcinoma with very high accuracy. 
Under the guidance of CT scan, FNAB sample can also be obtained from 
panereatic masses in patients who are not candidate for surgery. It should be 
noted that small pancreatic tumors can still be omitted even with the most 
advanced C’T-seanning techniqu 

MRI may demonstrate higher sensitivity in the detection of small panere- 
ic tumors and assessment of liver metastasis detected in patients with pan- 
creatic carcinoma. MRCP, a noninvasive method of imaging the biliary tree 
and panereatic duct is another advantage of MRI, which can assess the cause 
and level of obstruction in patients with obstructive jaundice (Figure 16.5). 
However, MRI is most often used as a problem-solving tool or when con- 
trast-enhanced CT scan cannot be employed (e.g., because of severe allergy 
to iodinated contrast agents). 
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EUS positioned in the stomach or 
duodenum can visualize the head, 
body, and tail of the pancreas with 
high-frequency US (7.5-12.0 MHz) 
because of the proximity of the pan- 
creas to the EUS transducer; this 
transducer can produce very high 
resolution im: In experienced 
hands, EUS is the most sensitive 7 
(99-100%) and specific (100%) di 
agnostic modality in cases of pan- 
creatic carcinoma (Figure 16.6). Figure 16:5. MRCP imaging in patient with 
EUS may be superior to CT scan in obstructive jaundice caused by obstruction 
the assessment of portal vein in- of the terminal part of the common bile 
volvement in cases of pancreatic 4st 
head tumors. Therefore, EUS appears to be equivalent to dual-phase spiral 
CT scan for assessing the resectability of pancreatic carcinoma. Moreover, 
EUS is as accurate as MRCP or ERCP for assessing the cause of obstructive 
jaundice. Acquisition of tissue samples from pancreatic tumors under the 
guidance of EUS is another significant diagnostic advantage of EUS. How- 
ever, EUS is inferior to CT sean in assessing the involvement of superior 
mesenteric artery. It should be noted that the guidelines recommend EUS as 
complementary to CT sean. 
Although PET scanning appears 
to be especially useful in detecting 
occult metastatic 2, it does not 
seem to offer additional benefits to 
high-quality CT scanning. However, 
‘SFDG PET-CT scanning can be 
more sensitive for the detection of 
pancreatic carcinoma (Figure 16,7), 
False-positive results of PET scan 
have been reported in cases of pan- 
creatitis. It should be noted that ac- 
cording to the guidelines, the role of Figure 166. EUS picture of early-stage 
PET scan in the diagnosis of pan- Pancreatic carcinoma visualized as a well 
circumscribed hypoechoic lesion (arrow), 
lished. Kurihara K, Hanada K, Shimizu A. Endo- 
scopic ultrasonography diagnosis of early 
ERCP is an invasive diagnostic pancreatic cancer, Diagnostics, 2020, 10 
imaging modality available for pa- 1086. Available under the CC BY 4.0 li- 
tients with pancreatic carcinoma and 20s 


creatic carcinomas has not yet been 


386 


Bayramov RB Textbook of Oncology 


ure 16,7, "FDG PET-CT fusion images show a mass in the pancreatic head, with in- 
creased radioactivity uptake (arrow), in a 73-year-oll female patient. Ren S, Zhu X, 
Zhang A et al. Prognostic value of "F-FDG PET-CT metabolic parameters in patients 
With locally advanced pancreatic cancer treated with stereotactic body radiation therapy 
Cancer Imaging, 2020, 20. 22. Available under the CC BY 4.0 license 


is highly sensitive for detecting biliary and/or pancreatic abnormalities oc- 
curred in patients with this cancer. Due to high rate of complications (5 
10%), ERCP is usually preserved as a therapeutic procedure for decom- 
pressing biliary obstruction (biliary draining or stenting) associated with 
pancreatic head carcinoma. Brush cytology and forceps biopsy at the time of 
ERCP can also be performed, but the rates of positive results are usually 
less than 50% in cases of pancreatic carcinoma. 

‘The necessity of obtaining biopsy samples in the preoperative diagnosis 
of pancreatic carcinoma remains controversial and is highly dependent on 
the institution, FNAB can be performed under the guidance of CT or EUS. 
Arguments in favor of preoperative biopsy include verification of diagnosis 
and exclusion of nonmalignant patholo; nditions (pseudotumoral 
chronic pancreatitis, serous cystadenoma, nonfunctional benign endocrine 
tumors, etc.) prior to complex surgical procedures. Arguments against pre- 
operative biopsy of pancreatic lesions are that the biopsy result do not alter 
treatment strategy, that biopsy may result in periton 
the long-term results of radical-intent surgery, and this procedure increases 
the cost of care. According to data from studies, CT-guided biopsy is asso- 
ciated with very low rates of peritoneal seedling, and needle track left after 
EUS-guided FNAB would ultimately be included in the operative field if the 
patients undergo radical-intent surgery (Figure 16.8). Positive results of 
EUS-guided FNAB reach 85-95% in patients with pancreatic carcinoma, It 
should be noted that obtaining biopsy samples and verification of the diag- 
nosis is paramount for using chemotherapy in patients who are not candi- 
dates for laparotomy. 


seedling and worsen 
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Figure 16.8, EUS needle track seeding in the gastric wall 25 months after distal pancreat- 
splenectomy in a patient described in Figure 14.4, A — gastroscopy revealed a 10-mm- 
diameter submucosal tumor in the posterior gastric wall at the site of FNAB puncture; B— 
EUS revealed a hypoechoic mass in the submucosa (arrows), Other metastases or perito- 
neal disseminations were not observed, and cytology of peritoneal washing was negative 
during surgical procedure performed for needle track seeding recurrence. 


Some guidelines recommend molecular profiling of pancreatic carcinoma 
tissue for actionable somatic mutations in conjunction with histopathologi- 
cal examination in patients who are candidates for anticancer therapy. These 
molecular analyses are recommended to include ALK, NRGI, NTRK, and 
ROS! fusions; and BRAF, KRAS, HER2, BRCA1/2, and PALB2 mutations. 
Molecular analyses can also detect mismatch repair deficiency ((MMR) and 
microsatellite instability-high (MSI-H) status, which justifies using pem- 
brolizumab in patients with metastatic pancreatic carcinoma (see below). 

‘The laboratory findings are usually nonspecific in patients with pancreat- 
noma. Significant elevation of serum bilirubin (conjugated and total), 
ALP, GGT levels is seen in patients with obstructive jaundice. Elevation of 
serum AST and ALT levels can also be detected when the liver cells are 
damaged with prolonged obstructive jaundice. 

Once pane arcinoma is diagnosed, pretreatment (preanesthesia) 
tion includes complete blood cell cour 
chest X-ray, and ECG. 

Histopathologic examination of surgical specimen (resectate) determines 
the histologic type of carcinoma, its degree of differentiation, ‘T-stage and 
sess the removed lymph nodes, which are important for final pathologic 
staging and planning further treatment. 


ie ca 


. comprehensive metabolic 


TREATME 


Surgery is the primary treatment modality for pancreatic carcinoma 
However, chemotherapy and radiotherapy have also an important role in the 
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‘treatment of this cancer; as an adjuvant or neoadjuvant setting, and as a de- 
finitive therapy in the management of patients with unresectable disease, 


Surgical management 

Complete surgical resection is the potential curative treatment available 
for pancreatic carcinoma. Despite the fact that surgery is the mainstay of 
treatment of this cancer, a few patients can be chosen for radical-intent sur- 
gery due to extrapancreatic extent of the disease in most of the cases and 
complexity of the surgical procedures, which cannot be applied in all pa- 
tients ith resectable tumor. Surgical procedure depends on the location and 
locally invasive characteristics of the tumor. Guidelines recommend that 
decisions about resectability should be made by a multidisciplinary team at 
a high-volume center. 

Curative resection options for pancreatic carcinoma include pancreatodu- 
odenectomy, with or without sparing of the pylorus (for pancreatic head car- 
cinoma); distal pancreatectomy (for carcinoma of the corpus or tail of the 
pancreas); and rarely total pancreatectomy (in the cases of pancreatic neck 
involvement). Each surgical procedure is associated with its own set of 
postoperative complications, and these points should be taken into consider- 
ations by the surgical team in resectable cases. 

Pancreatoduodenectomy traditionally involved removal of the pancreatic 
head, duodenum, gallbladder, common bile duct, and the antrum of the 
stomach, with pancreat(ic)ojejunal and hepaticojejunal anastomosis, known 
also as Whipple surgery (Figure 16.9). Other modifications of pancre- 
atodudenectomy have also been executed in recent decades: pylorus- 
preserving pancreatodudenectomy and pancreatoduodenectomy with pan- 
creat(ic)ogastral anastomosis, Pylorus-preserving pancreatoduodenectomy 


Figure 169. The extent of surgery during Whipple procedure, A — resectate, B — final 
‘view after reconstruction. 
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aimed at improving nutritional function in those patients, because faster gas- 
tric empting associated with antrectomy caused nutritional deficiencies. Alt 
hough many believe that delayed gastric empting is worsened by this modi- 
fication (delayed gastric empting is one of the most common postoperative 
complications after Whipple surgery). the others consider the both resee- 
tions equivalent in that regard. Pancreatoduodenectomy with  panere- 
at(ie)ogastral anastomosis is associated with very low rate of pancreatic 
anastomotic leakage, while pancreat(ic)ojejunal anastomosis is character- 
ized by very high risk of this complication 

Although preoperative biliary drainage was introduced to improve post- 
operative short-term outcome in patients with pancreatic head carcinoma 
complicated with obstructive jaundice, studies confirmed that this procedure 
increases the rate of serious postoperative complications. 

Opinions about the extent of lymphadenectomy during radical-intent sur- 
gery for pancreatic carcinoma are controversial, According to opinions of 
many authors (including the author of this chapter), extended Iymphadenec- 
tomy cannot improve survival for patients undergone radical-intent surgery, 
since lymph node metastasis is very strong negative prognostic factor and 
almost all patients with positive lymph nodes ultimately die from hematog- 
enous metastasis, Most guidelines do not recommend extended lymphade- 
nectomy, and standard LND should be the optimal extent of radical-intent 
surgery for pancreatic carcinoma. 

Typically, extrapancreatic disease precludes curative resection, and sur- 
gical treatment may be palliative at best. Although superior mesenteric or 
portal vein involvement has been considered a contraindication to resection, 
invasion of these veins is no longer an absolute contraindication. So these 
veins can be resected partially (with as much as 50% narrowing of the lu- 
men) or reconstructed completely using autologous vein replacement (with 
internal jugular, greater saphenous, or splenic vein). Nevertheless, opinions 
are controversial about whether vascular resection improves survival. 

Distal pancreatectomy is associated with a lower mortality rate compared 
to Whipple procedure (approximately, 3.5% and 7.0%, respectively). Alt- 
hough distal panereatectomy may be an effective procedure for carcinoma 
located in the corpus and tail of the pancreas, unfortunately, masses located 
in this area are diagnosed later than that in the head of the pancreas and 
therefore, have a higher unresectability rate. 

Total pancreatectomy is the least commonly performed radical-intent 
surgery for pancreatic carcinoma and has the highest postoperative mortality 
rate (8.5). The indication for total pancreatectomy are cases, in which the 
tumor involves the neck of the pancreas or originates from the neck. Insulin- 
dependent diabetes occurring after this surgery can be hard to control in 
some cases. 
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Chemotherapy and targeted therapy 


Despite the limited evidence of benefits from neoadjuvant chemotherapy 
in patients with resectable or borderline resectable tumors, some centers 
recommend using this therapy with or without radiation therapy. The used 
regimens include the followings: FOLFIRINOX, with or without subsequent 
chemoradiation therapy; gemeitabine/albumin-bound (nab) paclitaxel with 
or without subsequent chemoradiation therapy: gemeitabine/cisplatin fol- 
lowed by chemoradiation therapy (only for patients with known BRCA 
and PALB2 mutations because tumors with these mutations are very sensi- 
tive to cisplatin), None of these regimens should be regarded as a standard 
of treatment. Despite proven effect of neoadjuvant chemotherapy, the ra- 
tionale for using this setting includes the following statements: 1) pancreatic 
carcinoma is a systemic disease at initial diagnosis regardless of the stage 
and should be treated systemically from the start; 2) patients will be able to 
tolerate chemotherapy more readily before major pancreatic resection than 
after; 3) the tumor will downsize with neoadjuvant chemotherapy, and 
therefore, resection will be less cumbersome, leading to improved short- 
term and long-term outcomes. 

Chemotherapy followed by chemoradiation therapy and surgery appears 
to be the best option in boderline resectable pancreatic carcinoma. The clas- 
sical chemoradiotherapy (combination of capecitabine and radiotherapy) is 
also recommended. Resectability is possible following to good response to 
neoadjuvant therapy. 

Modified FOLFIRINOX should be used as a standard adjuvant therapy 
for pancreatic ductal adenocarcinoma in patients with good performance 
status, In more frail patients (age >70 years, performance status 2) or in 
those who have any contraindication to the drugs used in FOLFIRINOX 
regimen, gemcitabine/capecitabine could be an option, Adjuvant therapy 
with gemcitabine or 5-FU/folinic acid (leucovorin) have been shown to be 
beneficial compared with no treatment. Gemeitabine alone should be used 
only in frail patients, Adjuvant chemoradiotherapy has shown either no ben- 
efit, or deleterious effect on survival, and therefore is not recommended. 

Gemcitabine should also be considered as an appropriate therapy for pa- 
tients with unresectable (locally advanced) and metastatic diseases (as a de- 
finitive or palliative chemotherapy). Gemcitabine can also be combined with 
erlotinib (inhibitor of EGFR tyrosine kinase) for those patients, but this op- 
tion is not widely used due to a minimal overall survival benefit compared 
with gemcitabine alone. In general, gemcitabine combinations with targeted 
therapies have been disappointing. 

Some centers claim superior results after chemotherapy with gemeita- 
bine-capecitabine combination compared to gemcitabine alone in patients 
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with advanced pancreatic carcinoma. Combination of nanoparticle albumin- 
bound (nab)-paclitaxel is stated to be superior compared to gemcitabine 
alone in patients with metastatic pancreatic carcinoma and can be consid- 
ered for very selected patients. FOLFIRINOX and modified FOLFIRINOX. 
can also demonstrate superior survival compared to gemcitabine in patients 
with metastatic pancreatic carcinoma, 

In patients with advanced pancreatic carcinoma who have previously 
been treated with gemeitabine-based chemotherapy, irinotecan liposomal in 
combination with S-FU and leucovorin can be used. For this purpose, sec~ 
ond-line oxaliplatin/5-FU/folinic acid combination is also an option. 

More than 80% of patients with metastatic pancreatic carcinoma of any 
type with MMR-deficiency (with MSI-H status) can respond to pembroli- 
zumab (anti-PD-1 monoclonal antibody). 


Ablative and palliative therapies 


In patients with unresectable locally advanced pancreatic carcinoma, sev- 
eral of the following ablative techniques have been shown pain relief and 
improved survival: radiofrequency ablation (RFA), stereotactic body radia- 
tion therapy (SBRT); high-intensity focused ultrasound (HIFU); photody- 
namic therapy; iodine-125-cryosurgery; microwave ablation. 

Patients with unresectable pancreatic carcinoma complicated with ob- 
structive jaundice should undergo biliary decompression that can be surgical 
(biliodigestive shunting) and non-surgical (interventional). Biliary decom- 
pression relieves unbearable pruritus, precludes development of hepatic 
failure. Moreover, patients with obstructive jaundice cannot receive chemo- 
therapy until the serum bilirubin level is in the normal range. The best op- 
tion for surgical decompression is hepaticojejunostomy (Roux-en-Y) (Fig- 
ure 16.10), although cholecystojejunostomy, choledochojejunostomy and 
choledochoduodenostomy are also 
frequently performed in non- 
specialized centers. The latter types 
of biliodigestive shunting are rarely 
executed in specialized centers be~ 

ause of high rate of recurrence of 


jaundice after these shunting op- =) 
tions. Non-surgical biliary decom- : 
pression includes biliary draining tenes tins 


(internal-external or external) and Figure’ 16.10) Schematic description Of he- 
stenting (endoscopically or percuta- paticojejunostomy in case of unresectable 
neous transhepatically) (Figure Pancreatic head cancer complicated by ib- 
16.11). Draining is carried out tem. “*¥etve jaundice. 


392 


Bayramov RB ‘Textbook of Oncology 


Figure 16.11. Percutaneous transhepatic draining (A) and stenting (B) in different patients 
with unresectable pancreatic head carcinoma. 


porarily in patients with cholangitis. It should be noted that stenting is not 
an alternative to biliodigestive shunting and should be preserved for patients 
who are not suitable for laparotomy due to hepatic failure, serious comor- 
bidities and for those with an estimated lifespan of less than 6 months (be- 
cause of metastatic disease). 

Rarely, patients with pancreatic carcinoma can develop duodenal ob- 
struction secondary to tumor invasion; these patients should be palliated op- 
eratively with a gastrojejunostomy. 

Pain relief is crucial in patients with unresectable pancreatic carcinoma, 
Narcotic analgesics should be used in patients with intense pain. Sometimes, 
nareotics are insufficient and other approaches of analgesia should be con- 
sidered, including neurolysis of the celiac ganglia, which can be performed 
by invasive radiology (transthoracically or transabdominally), under the 
guidance of EUS (transgastrically), or intraoperatively when the tumor was 
assessed unresectable, 


PROGNOSIS 


Pancreatic carcinoma is a fatal disease. S-years survival rate reaches 35% 
for localized disease, 10-15% for regional disease, and 3% for distant (meta- 
static) disease, The survival greatly depends on the histological type of pan- 
creatic carcinoma, with very unfavorable prognosis for ductal adenocarci- 
noma, which is the one of the most aggressive malignancies in the body: S- 
year survival rate is about 15% even in patients undergone successful cura- 
tive resection. Nodal involvement is one of the most powerful negative 
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prognostic factors for pancreatic carcinoma; long term survival in patients 
With node-positive disease is rare. 


PREVENTION 


Approximately one third of pancreatic carcinoma cases are thought to be 
preventable by the following measures: 
* Avoiding (quitting) smoking, as approximately >20% of pancreatic car- 


Leading a ph: 


Y It is believed that high physical ac- 
tivity can reduce 


¢ carcinoma by up to 30%; 
ight and obesity, According to data, >10% 
of pancreatic carcinoma cases are attributable to overweight and obesit 
Patients with diabetes mellitus in whom the first sign of diabetes was de- 
tected in the last two years, and patients with chronic pancreatitis young- 
er than 65 years should be regularly examined for pancreatic carcinoma, 
given the high risk of this cancer in those patients; 
* Persons from families with confirmed hereditary mutations in the STK11, 
PRSS1, BRCAI/2, MMR, CDKN2A genes should be regularly examined 
for pancreatic carcinoma, given the high risk of developing this cancer in 
those individuals; 
Following a balanced diet with a sufficient amount of vegetables and 
fruit is considered a protective factor against pancreatic carcinoma; 
= Limiting the intake of fried foods and foods containing fructose and satu- 
rated fatty acids. 


Screening for pancreatic carcinoma 


While there are no widely accepted protocols for panereatic carcinoma 
sereening, individuals who are known to be at a higher risk due to family 
history or presence of associated conditions are recommended screening, In 
high-risk individuals, screening for pancreatic carcinoma should begin at 
age 50 years. Screening should be initiated at age 40 years in carriers of mu- 
tated CDKN2A or PRSS/ genes, and at age 35 years in patients with Peutz~ 
Jeghers syndrome. 


Follow-up for pancreatic carcinoma survivors 


Follow-up of patients treated for pancreatic carcinoma includes mainly 
imaging studies (liver US or CT scan of the abdomen and pelvis) carried out 
every 3 months for the first two years. every 6 months for the third year, and 
once a year thereafter. Other diagnostic studies are clinically indicated. 
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17| COLORECTAL 
CARCINOMA 


EPIDEMIOLOGY AND STATISTICS 


Colorectal cancer includes malignant neoplasms of the colon and rectum, 
and accounts for approximately 10% of all malignancies, This cancer ranks 
3rd (3rd in men and 2nd in women, separately) among all malignant neo- 
plasms (excluding skin carcinoma), being the most common gastrointestinal 
malignant tumor. In 2020, 1.880.725 new cases of colorectal cancer (in 
2012, about 1.360.000) were registered worldwide. More than 95% of colo 
rectal cancer are attributable to colorectal carcinoma, 

The risk of developing colorectal carcinoma is higher in men than in 
women. One out of 14 men or 19 women is at risk of developing colorectal 
carcinoma during his/her lifetime. 44% of colon carcinoma cases in the 
United Kingdom are diagnosed in people aged 75 and over. The peak inci- 
dence in the mentioned country is observed at ages of 85-89 years. 

The incidence of colorectal carcinoma is the highest in Australia, New 
Zealand, Europe and Northem America, and the lowest in Africa and South 
Central Asia. In most developed countries, there is a slight increase in the 
incidence of colorectal carcinoma. Over the past 20 years, the incidence of 
colorectal carcinoma has stabilized in France and Australia, decreased in the 
United States. Compared to Asians and Africans, fair-skinned people have a 
higher incidence of colorectal carcinoma in the United States. 

‘There is a 13-fold difference between the incidence rates in countries with the highest 
(Hungary) and lowest (countries in Middle Africa) incidence of colorectal carcinoma, 
indicating that in the development of colorectal carcinoma the main role is played by en- 
Vironmental factors. Incidence among migrants reflects factors related to their country of 
residence rather than their country of origin. 

Approximately 9% of deaths from malignancies are attributable to colo- 
rectal cancer. This cancer ranks second in the number of deaths from malig- 
nant tumors, In 2020, there were 915,880 cases (in 2012, about 693,900) of 
death from colorectal cancer worldwide. 

In developed countries, there is a decrease in deaths due to the stabilization (or de~ 
crease) in the incidence of this cancer, screening. and an increase in polypectomy cases. 
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ETIOLOGIC FACTORS 
Environmental and intrinsic factors 


Consuming a large amount of processed meat is considered one of the 
causes of colorectal carcinoma, a large amount of red meat a probable 
cause; >20% of colorectal carcinoma cases are associated with this factor. 
‘The risk of colorectal carcinoma increases by 10-50% for every 25-50 g of 
processed meat and by 20-30% for every 100-120 g of red meat consumed 
per day. The risk of developing a villous polyp, which is an obligate precan- 
cerous neoplasm, is increased by 20-25% when red meat is consumed in 
large quantities. When meat is cooked at high temperature (in the form of 
fried meat) and on fire (in the form of grill, shish kebab and barbecue), het- 
erocyclic amines are formed, which are considered carcinogenic substances 
for the epithelium of the large intestine. Possible mechanisms include also 
formation of PAHs, and nitroso compounds. This is due to the fact that red 
meat requires a high temperature to cook, and at this temperature, nitroso 
compounds are formed from the heme found in red meat. 

A diet rich in animal fats (hence, high in cholesterol) increases the risk of 
developing colorectal carcinoma. This association may be explained by the 
fact that cholesterol is a precursor of bile acids, which are an important 
component of bile content. Secondary bile acids are carcinogens for the mu- 
cous membrane of the large intestine, Thus, bile acids are amphipathic in 
nature, In other words, although bile acids at physiological concentrations 
are involved in the emulsification and digestion of fats, secondary bile acids, 
at higher physiological concentrations, cause oxidative-nitrosative stress, 
DNA damage and mutation in colonocytes. Long-term exposure to second- 
ary bile acids can lead to genomic instability, development of resistance to 
apoptosis, and eventually carcinoma, A diet rich in fats (Wester type diet) 
increases the content of bile the lumen of the colon, that may in- 
crease the risk of colorectal carcinoma. 

Essentially, bile acids function as a physiological detergent and regulator of intestinal 
«epithelial homeostasis Primary bile acids (cholic and chenodeoxycholic acids) are formed 
from cholesterol inthe live, conjugated with glycine or taurine and exercted in the bile 
into the intestinal tract. 90-95% of bile acids are absorbed in the terminal ileum and trans- 

to the liver. The latter process is called enterohepatic circulation of bile acids. S- 
10% of the bile acids that enter into the lumen of the large intestine are deconjugated and 
subsequently converted into secondary bile acids (deaxycholic and lithocholie acids) un- 
der the action of enzymes ofthe microflora ofthe large intestine. 
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Insufficient amount of fibrous 
foods (grains, fruits, and non- 
starchy vegetables) in diet is consid- 
ered a factor contributing to the de- 
velopment of colorectal carcinoma. 
This is due to the role of two factors 
contained in those foods. Previous- 
ly, this was explained only with cel- 
lulose contained in plant foods, 
which has a stimulating effect on 
dicestinal motility, thereby, eastan: 


ogens existing in the contents of ‘he 
large intestine and the epithelium of this organ, In addition, cellulose has a 
high hydrophilic activity, and this property helps to increase the volume of 
intestinal contents, thereby, reducing the concentration of carcinogens exist- 
ing in the intestinal contents. Later, it turned out that this is even more 
strongly associated with folates, which enter the body mainly in the compo- 
sition of plant foods. folate deficiency in the body, and therefore in 
cells, DNA hypomethylation occurs, since folates are one of the main 
sources of the methyl group during synthetic processes in cells. DNA hy- 
pomethylation leads to the development of microsatellite instability (and 
other epigenetic alterations), which is a specific form of mutation that con- 
tributes to colorectal carcinogenesis (Figure 17.1). 

Normally, 50 mmol of the methyl group enter the human body per day, 30 mmol of 
which come as part of choline, 10 mmol as part of methionine, and the rest as part of folic 
acid, With a lack of choline in the diet, the body's need for a methyl group is compensated 
by folic acid, and vice versa. Provision of DNA with a methyl group is important for cy- 
tosine methylation in CpG (cytosine that precedes guanine) islands, which are located in 
gene promoters (60% of CpG islands are in gene promoters). Unlike cytosine in other 
regions of DNA, most of the cytosine nucleotides in CpG islands (in gene promoters) are 
methylated in order to repress the expression of the corresponding genes. In other words, 
normally 80% of eytosine in CpG islands and 10% in other regions of DNA are in the 
methylated state, Methylation of CpG islunds is also important in preventing chromeso- 
mal instability. 

Regularly drinking alcoholic beverages is considered one of the causes 
of colorectal carcinoma; the risk increases by 7% for every unit (10 g) of 
alcohol consumed per day. >10% of colorectal carcinoma cases are attribut- 
able to regularly alcohol consumption. The risk of colorectal adenoma, 
which is a precancerous neoplasm, increases by 25-30% with a regularly 
drinking 3 units of alcohol per day. There is an opinion that drinking 30 g of 
alcohol is the threshold for increasing the risk of colorectal carcinoma, 
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Smoking is considered one of the causes of colon and rectal carcinoma. 
Approximately 8% of colorectal carcinoma cases are attributable to smok- 
ing. The risk of colorectal carcinoma is about 20% higher in people who 
smoke. The level of the risk depends on the number of cigarettes smoked 
per day and on the duration of smoking. The risk of developing an adeno- 
matous polyp of the large intestine, which is an obligate precancerous neo- 


plasm, is increased by 2 times in smokers. 

Occupation related to asbestos industry or exploitation is considered a 
possible cause of colorectal carcinoma. The risk of this cancer in the corre- 
sponding people increases significantly. 

Infestation with the parasite Schistosoma japonicum is considered one of 
the causes of colorectal carcinoma. There is evidence that individuals with a 
history of this parasite have a 3 to 8 times increased risk of developing colo- 
rectal carcinoma, As noted in previous sections, approximately 18% of all 
malignancies are associated with infection, including 0.1% attributable to 
‘Schistosoma japonicum, 


Schistosoma japonicum infestation is endemic in the Southeastem provinces of China, 
due to domestic and professional activities (especially in connection with fishing and ag- 
riculture), The main reservoir host is buffaloes (although 45 species of different animals 
‘are infected with this worm), and Oncomelania snails are intermediate. It is estimated that 
in China alone in 2003 about 843.000 people were infected with Schistosoma japonicum. 

Overweight is considered one of the causes of colorectal carcinoma. Ap- 
proximately 13% of colorectal carcinoma cases in the United Kingdom are 
associated with this factor. Risk of colorectal carcinoma is approximately 
70% higher in obese men and 20% higher in obese women (BMI >30 
kg/m2) compared to people of the same sex who are not overweight (BMI 
18.5-24.9 kg/m2). Colorectal adenoma’s risk is about 50% higher in obese 
people compared to people of the same sex who are not overweight. The 
risk of colorectal carcinoma is about 45% and colorectal adenoma is 40% 
higher in people with a thick waist compared to people with a small waist. 

Limited physical activity is considered one of the causes of colorectal 
carcinoma. Approximately 5% of colorectal carcinoma cases in the United 
Kingdom are associated with limited physical activity. The risk of colorectal 
carcinoma is approximately 30% higher in people living sedentary lifestyle 
compared to people who are physically active. The role of this factor in the 
development of rectal carcinoma is weaker compared to colon cancer. 
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Precancerous lesions and diseases 


Unlike other polyps (hyperplastic, inflammatory, retention) of the large 
intestine, adenomatous polyps (adenomas) have a very high risk (100%) of 
malignancy. Adenomas can develop as a result of hereditary disorders (see 
below) or sporadically due to environmental factors. Colorectal adenoma is 
divided into three histological variants: tmbular adenoma, villous adenoma, 
and tubulovillous adenoma (mixed variant). All three variants of colon ade- 
noma, regardless of the cause of its occurrence, in almost all cases undergo 
malignant transformation. The rate of malignancy is higher in villous and 
tubulovillous adenomas, lower in the tubular variant 

Approximately 70% of polyps removed at colonoscopy show an adenomatous histo- 

variant, with 75-85% tubular, 10-25% tubulovillous (<75% villous component), and 5% 
villous (>75% villous component) histostructure. 

Unlike hereditary adenomas (ad- 
enomas that are associated with he- 
reditary disorders), sporadic adeno- 
matous polyps are rarely seen in 
people younger than age 40 years. 
Sporadic adenomas are most often 
found in people over 60 years and 
slightly more often in men. Adeno- 
matous polyps are more often ob- 
served in the left half of the large 
intestine (Figure 1 Figure 17.2. Large tubulovillous adenoma 

Adenomas of the large intestine ofthe colon. 
slowly but steadily increase in size. Sometimes, small adenomas can regress 
spontaneously. The growth rate of adenoma and the potential for malignan- 
cy depend on the histological structure (histological variant) and size of the 
polyp; the larger the adenoma, the higher the risk of malignancy, and villous 
adenomas are malignant at the highest rate. 2-3% of tubular adenomas can 
become malignant within 5 years, 8-10% within 10 years, approximately 
25% within 20 years. This percentage is much higher for tubulovillous and 
villous adenomas. 

Approximately 30% of individuals with an adenoma of the distal large intestine have 
adenomatous polyps in the ght half of the colon Therefore, if adenomas are found in the 


rectum and sigmoid colon during rectoscopy or sigmoidoscopy, a total colonoscopy is 
recommended in order not to omit adenomas in the right half of the large intestine. 


Patients with inflammatory bowel disease (ulcerative colitis or Crohn's 
disease) have a 70% higher risk of developing colon careinoma compared to 
the general population. The level of the risk depends on the duration of the 
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disease; with the duration of these diseases for more than 20 years, the risk 
of developing colon carcinoma reaches 5%. About 20% of patients with ul- 
cerative colitis with a long history may develop primary multiple foci of co- 
Jon carcinoma (synchronously or metachronously} 

Cronkhite-Canada syndrom a non-hereditary disorder characterized 
by gastrointestinal polyposis; multiple hamartomatous polyps of the stom- 
ach, small intestine, large intestine, and rarely esophagus, and the conse- 
quences of micronutrient malabsorption due to diarrhea. The etiology of this 
syndrome is not known, although there are opinions about the role of the 
autoimmune process. 500 cases of Cronkhite-Canada syndrome have been 
described in literature so far. 5-25% of patients with this syndrome develop 
malignant tumors during their lifetime. Case reports in the literature suggest 
that approximately 16% of patients with Cronkhite-Canada syndrome de- 
velop colorectal carcinoma during their lifetime, 

Obesity is considered one of the causes of colon cancer (see above). 


Hereditary disorders 


According to data, hereditary factors play a role in the development of 
approximately 35% of cases of colorectal carcinoma, The following heredi- 
tary disorders contribute to the development of colon carcinoma: 

* Familial adenomatous polyposis, 

Peutz-Jeghers syndrome, 

Lynch syndrome, 

MUTYH-associated polyposis, 

Juvenile polyposis syndrome, 

Polymerase proofreading-associated polyposis, 
Cowden syndrome, 

Hereditary breast and ovarian cancer syndrome, 
Germline heterozygous mutations in CHEK2 gene, 
Bloom syndrome, 

Diamond-Blackfan anemia, 

Ataxia telangiectasia, 

Li-Fraument syndrome, 

Nijmegen breakage syndrome, etc. 


Familial adenomatous polyposis (FAP) is characterized by the develop- 
ment of multiple adenomatous polyps in the large intestine and other parts 
of the gastrointestinal tract. ‘This syndrome develops due to germline hetero 
zygous mutations (the inheritance pattern is autosomal dominant) in the 
APC gene (5q22.2). This gene encodes the APC protein, which acts as a tu- 
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mor suppressor. The function of this protein is not fully understood, but it is 
assumed that APC protein is involved in the arrangement of chromosomes 
along the proper line during metaphase. In addition, the APC protein is in- 
volved in the degradation of B-catenin after signaling to the nucleus via the 
Wont-pathway. More than 700 mutations have been found in the APC gene, 
i y of a truncated, non-functional version 
of the APC protein. FAP occurs due to mutations in the middle section of 
the APC gene; between codons 1250-1464, Such a short protein cannot sup- 
press uncontrolled cell leads to the development of colorec- 
tal adenomatous polyps, which later progress to carcinoma. Approximately 
‘one out of 7.000-10.000 newboms is born with this syndrome. One third of 
the cases of FAP appear sporadically. which is explained by a postzygotic 
(de novo) mutation in the APC gene. 

In FAP, the large intestine is affected by multiple adenomatous polyps in 
100% of cases, Adenomatous polyposis is detected by age 10 years in 15%, 
by age 15 years in 50%, by age 20 years in 75%, by age 35 years in 100% of 
affected individuals. The left half of the large intestine is most commonly 
affected, and the rectum is always involved. The number of polyps ranges 
from hundreds to several thousand, and sometimes the affected area of the 
large intestine looks like a "polyp carpet” (Figure 17.3). Clinical manifesta- 
tions of the syndrome appear in the 3rd-4th decades of life. All adenomatous 
polyps in this syndrome can progress to carcinoma within 20 years. In other 
words, all patients with FAP have a risk of developing colon carcinoma at 
age 35-45 years if they do not re- 
ceive adequate treatment. The aver- 
age age of patients when polyposis 
is first detected, is 16 years, when 
colorectal carcinoma is found, is 39 
years, Approximately 50% of pa- 
tients develop multiple carcinomas 
(synchronously or metachronously) 
in the large intestine. Prophylactic 
total colectomy is indicated for pa- 
tients with this syndrome. 

The duodenum is the second 
most common localization after the 


large intestine affected by adenoma- 
tous polyps in this syndrome. In 
tients with this syndrome, adenoma- 
tous polyps of the small intestine are 
mainly observed in the duodenum 


Figure 173. *Polyp carpet” ina patient with 
FAP. Half E, Bercovich D, Rozen P. Famil- 
jal adenomatous polyposis. Orphanet J Rare 
Dis, 2009, 4: 22-44, Available under the CC 
BY 20 license 
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(in 50-90% of eases), but they also 
are often found in the jejunum and 
ileum (in 50-75% of cases). The 5-, 
10-, and 20-year risk of developing 
an adenoma in the ileal reservoir 
(after proctocolectomy) is approxi- 
, and 75%, respec 

Therefore, regular endoscop- 
ic examination of the ileal reservoir 
or ileostomy is currently recom- 
mended in the control period of 
these patients, 4-12% of patients 
with FAP develop periampullary 
carcinoma, duodenal carcinoma, or 
carcinoma of other parts of the small 
intestine during their lifetime (4.5% 
by the age of 57 years), In other 
words, the risk of developing duo- 
denal carcinoma in patients with 
FAP increases by 100-330 times 
compared to the general population. 
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Figure 17-4. CT scan of multiple desmoid 
tumors (in the abdominal wall on the right 
and in the mesentery) in a 40-year-old fe- 
male patient with Gardner syndrome. The 
Patient has a history of total proctocolecto- 
my for adenomatous polyposis of the large 
intestine. Bhama PK, Chugh R, Baker LH, 
Doherty GM. Gardner's syndrome in a 40- 
year-old woman: successful treatment of 
locally aggressive desmoid tumors with 
eytotontc chemotherapy, World J Surg On- 
col, 2006, 4: 96.99, Available under the CC 
BY 20 license 


Individuals with germline mutations in the APC gene also have a tenden- 
cy to develop gastric adenoma and gastric flundic gland polyps (in about 80- 
90% of the cases). It should be noted that in this syndrome, gastric adenoma 
is observed less frequently than fundic gland polyps. Individuals with this 
syndrome have a 7-10 times higher risk of developing gastric carcinoma 
compared to the general population, 

In 1-3% of children with this syndrome, hepatoblastoma is found. In oth- 
er words, in children with FAP, the risk of developing hepatoblastoma is 
increased by 750-7500 times compared to the general population, The rela- 
tionship of hepatoblastoma in children with a germline mutation in the APC 
gene can be clinically determined by the presence of congenital hypertrophy 
of the retinal pigment epithelium, which is a marker of a germline mutation 
in this gene, 

Patients with FAP have a 1.000 times higher risk of developing a des- 
moid tumor (in cases of Gardner syndrome). Approximately 20% of the af- 
fected patients develop a desmoid tumor during their lifetime (Figure 17.4). 

2-12% of individuals with germline mutations in the APC gene also de- 
velop thyroid carcinoma. One of the extraintestinal manifestations of FAP is 
the development of adrenal adenomas (3-4 times more often compared to 
the general population). According to data, adrenal adenoma is found in 7- 
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13% of patients with FAP or Gardner syndrome (in 1-3% of the general 
population) and relatively less often in patients with MUTYH-associated 
polyposis (MAP). Despite the high prevalence of adrenal neoplasia in pa- 
tients with FAP, their clinical manifestation and biological features do not 
differ from sporadic adrenal neoplasms. Most adrenal tumors associated 
With FAP are benign. Reportedly, less than 1% of all cases of adrenocortical 
carcinoma are associated with FAP or Gardner syndrome. 


It should be noted that, depending on the character of mutations in the APC gene, FAP 
can manifest itself as Gardner syndrome, Turcot syndrome, or attenuated familial adeno 
‘matous polyposis (AFAP). In Gardner syndrome (the inheritance pattern is autosomal 
dominant), adenomatous polyposis of the large intestine is associated with osteomas 
(most often in the jawbone and zygomatic bone), dental pathologies, and soft tissue tu- 
mors, Desmoid, which is a mare soft tissue tumor, is most often seen in the abdomen in 
patients with Gardner syndrome, Turcot syndrome (the inheritance pattern is autosomal 
Tecessive or autosomal dominant depending on the involved gene) is characterized by 
‘association of colorectal adenomatous polyposis with tumors of the CNS (especially with 
medulloblastoma and glioblastoma), In AFAP (the inheritance patter is autosomal domi- 
nant), polyps in the large intestine are not as dense (average number of polyps is 30-35) as 
in the classic FAP. It should be noted that AFAP develops due to mutation in the terminal 
region of the APC pene. Compared with FAP, in AFAP, polyposis and colon carcinoma 
are detected at a later age. So in the last syndrome, polyposis is found at the average age 
of 45 years, cancer at the average age of 54 years. 


Turcot syndrome (also called "brain tumor and polyposis syndrome” ox "glioma and 
polyposis syndrome”) is a rare (more than. 150 cases described in literature) hereditary 
disorder characterized by multiple adenomatous polyps in the colon. a high risk of devel- 
oping colon carcinoma and brain tumors (Figure 17.5). The molecular basis of Turcot 
syndrome are germline homozygous mutations in one of the MMR genes (MLHI (3p22.2) 
or PMS? (7p22.1)), or germline heterozygous mutation in the APC gene (5q22.2), There- 
fore, depending on the gene involved, this syndrome can be inherited in an autosomal 
dominant (with @ mutation in the APC gene) or autosomal recessive manner (with a muta- 
tion in the MMR genes). Depending on the mutated gene associated with Turcot syn- 
drome, adenomatous polyposis of the lange intestine can be combined with glioblastoma 
(vith mutations in the MLH or PMS2 genes) or medulloblastoma (with mutations inthe 
APC gene), According to the mentioned features, some experts distinguish Turcot syn 
drome type 1 0 brain tumor and polyposis syndrome type 1 (is characterized by up to 100 
large colorectal polyps) and Turcot syndrome type 2 or brain tumor and polyposis syn= 
drome type 2 (is characterized by hundreds of small colorectal polyps, as in FAP), 

Along with colon carcinoma, patients with Tureot syndrome also have a high risk of de- 
veloping other malignant tumors, including thyroid carcinoma, adrenocortical carcinoma, 
Patients with Turcot syndrome often also develop BCC of the skin. The cutaneous mani- 
festations of this syndrome also includes "café-au-lat spots? 


PeutzsJeghers syndrome is a hereditary disorder (the inheritance pattern 
is autosomal dominant), which occurs as a result of germline heterozygous 
mutations in the S7KI/ gene (19p13.3). The STK'1/ (serine/threonine kinase 
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11) gene is also called LKBI (liver 
kinase B1) gene. This gene codes 
for a special enzyme, ser- 
ine/threonine protein kinase, which 
has a tumor suppressor activity, It 
should be noted that a mutation i 
the STK// gene is not a prerequisite 
for this syndrome, since a mutation 
in this gene is found on average 
70% (65-95%) of cases of Peutz~ 
Jeghers syndrome, According to da- 
ta, one out of every 80,000-200.000 
newboms is born with this syn- 
drome. Approximately more than 
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Figure 17.5. Giant adenomatous polyp of 
the sigmoid colon in a 12-year-old boy with 


one third (25-45%) of individuals “™° 


with this syndrome do not have a 
family history, occurring due to a 
postzygotie (de novo) mutation in 


Talypov SR et al. Turcot syndrome. a rare 
‘case and literature review. N.N. Burdenko J 
Neurosurg, 2013; 3: 46-49. With permis- 
sion. 


the STK] gene. 


Peutz-Jeghers syndrome is characterized by hamartomatous polyposis in 
the gastrointestinal tract (mostly in the proximal small intestine), pigmented 
spots on characteristic areas of the skin and mucous membranes, and a high 
risk of certain types of malignant tumors (Figure 17.6), Hamartomatous 
polyps in Peutz-Jeghers syndrome can be found in all parts of the digestive 
tract, with the exception of the oral cavity and esophagus. In 95% of cases 
of this disorder, hamartomatous polyps are found in the small intestine (Fig- 
ure 17.6 B), in 30-40% of cases in the large intestine, in 25-30% of cases in 
the stomach. It should be noted that the hamartomatous polyps associated 
with Peutz-Jeghers syndrome have a characteristic lobulated surface and 
Lypical histostructure (see below). The sizes of polyps in this syndrome vary 
from 1-2 mm to several centimeters and sometimes give the affected muco- 
sa the appearance of a "polyp carpet". Hamartomatous polyps can even be 
observed in the nasal cavity in one out of four affected individuals. 

95% of individuals with Peutz-Jeghers syndrome develop characteristic 
pigmentation on the skin and mucous membranes (in the periorbital, pe- 
rioral, perianal and genital areas, on the palm and sole, on the buccal muco- 
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Figure 17.6. An L-year-old female patient with Peutz-Jeghers syndrome, The mother and 
‘grandmother (on the maternal side) were previously diagnosed with Peutz-Jeghers syn- 
drome. A — characteristic hyperpigmentation on the lips (more on the lower lip) and oral 
mucoss.; B — hamartomatous polyp of the jejunum. The patient also had multiple 
‘hamartomatous polyps in the lage intestine, The patient's mother and grandmother have a 
history of small bowel intussusception due to polyps. Mikami T, Sasaki Y, Shimoyama T 
et al, Endoscopic polypectomy using double-balloon enteroscopy is useful forthe treat- 
ment of Peutz-Jeghers syndrome even in children. J Med Cases, 2011; 2: 263-267, Avail- 
able under the CC BY 4.0 license. 


sa consisted of clusters of black-brown freckles 1-S mm in size (Figure 17.6 
A). Pigmentation in this syndrome begins to appear from the first years of 
life. The intensity of the pigmentation gradually begins to increase by ado- 
lescence. and then, as age increases, the intensity decreases and sometimes 
even disappear completel 


Malignant tumors can develop both in the gastrointestinal tract and in the 
extraintestinal organs. In general, in Peutz-Jeghers syndrome, the risk of de- 
veloping malignant tumors increases by about 15 times, but even higher in 
women (by 20 times), since breast and gynecological carcinomas are espe- 
cially common in this syndrome. 

Approximately 45% of patients with Peutz~Jeghers syndrome develop a 
malignant tumor or die from malignancy by age 57 years, 85% by age 70 
years. The average age of patients at the detection of a malignant neoplasm 
is approximately 42 years. In Peutz-Jeghers syndrome, colon carc 
the most common cancer (40%), which is followed by breast carcinoma (35- 
40%). Individuals with Peutz-Jeghers syndrome also have an increased risk 
of developing cancer in other gastrointestinal and extraintestinal organs; 
pancreas (35%), stomach (30°), small intestine (12%). cervix uteri (10%), 
lung (15%) and ovary (20%) during their lifetime. Peutz-Jeghers syndrome 
can also be associated with large-cell calcifying Sertoli-cell tumors 
(LOCSCTS) of testicle 
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Men with Peutz-Jeghers syndrome tend to develop LOCSCT of the testicle, Of note, 
LCCSCT associated with Peutz-Jeghers syndrome is often bilateral or multifocal, Most 
cases of this tumor are characterized by estrogenic activity, which is manifested by gyne- 
comastia and premature maturation of the skeleton, Gynecomastia in most of the affected 
Patients is the main symptom leading the patients to the doctor. LCCSCT associated with 
eutz-Jeghers synarome is benign in most of the cases (80%6). 


LCCSCT is also seen in one third of patients with Carney complex in the first decade of 
life and in almost all adult patients, It should be noted that LCCSCT is associated with 
Carey complex and Peutz-Jeghers syndrome in 40% of cases, The mentioned tumor in 
20% of cases is observed bilaterally, and bilateral occurrence is mainly associated with 
Camey complex and Peutz-Jeghers syndrome 


Patients with Peutz-Jeghers syndrome also tend to develop a characteristic ovarian sex 
cord:-stromal tumor (sex cord tumor with annular tubules, SCTAT), which, according 10 
histological features, is located between germ cell tumors and Sertoli cell tumor, or in- 
cludes tissues from both tumors. It should be noted that more than one third of eases of 
SCTAT are associnted with Peutz-leghers syndrome, These tumors in Peutz-Jeghers syn- 
ddrome in most cases are multifocal and bilateral, and are mainly found at age 10-30 years 
In addition to the mentioned tumor, granulosa cell, Sertoli-Leydig cell and mucinous tu- 
‘mors of the ovary are often found in Peutz-Jeghers syndrome. The risk of developing 
ovarian tumors in patients with Peutz-Jeghers syndrome aged 15-64 years is 20%, with 
‘most cases consisting of SCTAT. 

In general, the risk of developing malignant tumors in individuals with 
Peutz-Jeghers syndrome reaches 90% during their lifetime. As detailed 
above. although Peutz-Jeghers syndrome is a polyposis syndrome of the 
small intestine, malignant tumors develop more often in the large intestine 
than in the small intestine. It should be noted that the risk of small bowel 
carcinoma in Peutz~Jeghers syndrome is about >S00 times higher than in the 
general population. Clinical and endoscopic signs of Peutz-Jeghers syn- 
drome in one third of cases may appear before age 10 years. In half of the 
cases, clinical manifestations are observed before age 20 years. 

Lynch syndrome is a hereditary disorder (the inheritance pattem is auto- 
somal dominant) that develops due to germline heterozygous mutations in 
the MMR (mismatch repair) genes and is also called hereditary non- 
polyposis colorectal cancer (HNPCC). The set of MMR genes consists of 
the following genes: MLH/ (3p22.2), MLH3 (14q24.3), MSH2 (2p21- 
p16.3), MSH6 (2p16.3), PMS/ (2432.2) and PMS2 (7p22.1). The mentioned 
genes are localized in different chromosomes and encode the corresponding, 
proteins, the complex of which plays an important role in the repair of the 
DNA damage during replication. 

Germline mutations in the EPCAM gene (2p21) are also associated with the develop- 
ment of Lynch syndrome. This is die to the fact that the cause of Lynch syndrome in 
about 1% of cases isa hereditary deletion of the EPCAM gene, which leads to inactiva- 
tion of the MSH? gene. 
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Lynch I and Lynch II syndromes are distinguished. Unlike Lynch I syn 
drome, in Lynch I syndrome, in addition to colon carcinoma, the risk of 
developing other malignant tumors is also increased. It should be noted that 
the second name, HNPCC does not reflect the essence of this disorder quite 
correctly, since adenomatous polyps of the large intestine are found in 30% 
of patients with Lynch syndrome, Adenomatous polyps in those patients are 
found at a younger age and in a larger size. Along with this, the rate of 
transformation of colorectal adenomatous polyps into cancer in Lynch syn- 
drome is higher than in cases of sporadic adenomatous polyps. In other 
words, adenomatous polyps in Lynch syndrome have a more aggressive 
clinical course, Despite the fact that colon carcinoma in this syndrome is 
mainly observed in the right half of the large intestine, adenomatous polyps 
can be found in all parts of this organ. Colon carcinoma develops in 35-80% 
of patients with Lynch syndrome during their lifetime. In individuals with 
this syndrome, colon carcinoma in men is observed approximately 2 times 
more often than in women (respectively, 74-10% and 30-54%), It should 
be noted that 2-4% of colon carcinoma cases are associated with Lynch syn- 
drome, 

As stated above, in Lynch II syndrome, along with colon carcinoma, 
there is an increased risk of developing certain intestinal and extraintestinal 
malignant tumors. Endometrial carcinoma in Lynch II syndrome is often a 
"sentinel cancer” and develops in 60% of affected individuals, Gastric car- 
cinoma is the third most common malignancy afier colon and endometrial 
carcinomas in Lynch II syndrome and occurs in 11-19% of affected patients 
(Figure 17.7). Adrenocortical carcinoma is considered a Lynch-associated 
cancer. Thus, more than 3% of cases of adrenocortical carcinoma are asso- 
ciated with Lynch syndrome, which is comparable to colorectal and endo- 
metrial carcinomas (respectively, 2- 
4% and 1-$% of these carcinomas 
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are associated with Lynch syn- fig sp; 
drome). In addition to the mentioned 

malignant neoplasms, patients with 

Lynch TI syndrome have also an in- 

creased risk of developing pancreat- 

ie carcinoma, breast carcinoma, 


ovarian carcinoma, ete. 


It should be noted that Turcot 
syndrome (see above) and Muir- 
Torre syndrome (the inheritance pat- 
tem is autosomal dominant) are var- 
iants of Lynch II syndrome. 


Figure 17.7. Risk of the development of the 
‘most common malignant tumors associated 
with Lynch syndrome. CRC — colorectal 
carcinoma; EC — endometrial carcinoma, 
GC — gastric carcinoma, OC — ovarian car- 
cinoma. 
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Hereditary biallelic (homozygous) mutations in the MMR genes lead to the development 
of Tureot syndrome and constitutional MMR deficiency syndrome (see page 606). Some 
‘authors believe that the meaning of Turcot syndrome may be too limited and does not 
describe the full manifestation of this disorder. The complete manifestation of a heredi- 
tary biallelic mutation in the MAR genes includes malignant hematological diseases in 
childhood and "café-au-lait spots” 


Muir-Torre syndrome is « rare (about 200 cases in literature so far) hereditary disorder 
that develops due to hereditary heterozygous mutations in MMR genes (particularly, in 
MLHI and MSH2), This syndrome represents the phenotype of Lynch syndrome and is 
characterized by a combination of multiple skin neoplasms (epithelioma and adenoma of 
the sebaceous glands, keratoucunthoma, sebaceous gland cancer, BCC with differentiation 
of the sebaceous glands, SCC) with visceral malignancies, especially colon carcinoma. 


{his condition is associated with an anher- 
ited defect in one copy of the MMR genes, 
which results in microsatellite instability 
‘Two main MMR proteins, MLHI and 
MSH? are involved in this process. Ap- 
proximately 70% of tumors. associated 
with Muir-Torre syndrome are associated 
With microsatellite instability. The aver- 
age age of patients with Muir-Torre syn- 
drome when clinical signs appear is $3 
years, The combination of visceral carci- 
hhomas (intestinal carcinoma, endometrial 
carcinoma, gastric carcinoma, ovarian 
carcinoma, genitourinary carcinomas) 
characteristic of Lynch ‘syndrome with 
neoplasms of the sebaceous glands is the 
main eriterion for Muir-Torre syndrome 
(Figure 17.8). It should be noted that a 
neoplasm of the sebaceous glands below 
the neck strongly indicates Muir-Torre 
syndrome. Although the cutaneous signs 
‘of Muir-Torre syndrome usually appear 
liter than the visceral signs, sometimes 
the first may appear earlier. 


MUTYH-associated polyposis 
(MAP) is an autosomal recessive 
syndrome of intestinal polyposis. 
The syndrome develops due to 
germline homozygous mutations in 
the MUTYH gene (1p34.1). This 
gene codes for MYH-glycosylase, 
enzyme, which is a component of 
the base excision repair (BER) sys- 


Figure 17.8, Sebaceous lesion on the scalp 
of a 57-year-old female patient with Muir- 
Torre syndrome. The patient has a history of 
two sebaceous adenomas in the mid back 
and lower back, endometrial carcinoma (at 
age 36 years) and colon carcinoma (at age 
SI years). Her father (at age $4 years), pa- 
ternal aunt (in her mid-40s) and paternal 
tuncle (in his mid-40s) were diagnosed co- 
Jon, rectal and colon carcinoma, respective- 
ly. Al of them had experienced sebaceous 
‘growth at different times throughout their 
lives after diagnosis of visceral malignan- 
cies. Her brother succumbed to colon carci- 
‘noma (in his mid-30s) and her daughter was 
diagnosed with glioblastoma multiforme (at 
age 22 years). Mutations of AMEH? and 
‘AMSH2 were present in her family, Vander- 
beck KA, Sibbald RG, Murugan N. Genera- 
tional Expression of Muir-Torre Syndrome 
in a Canadian Family. Case Rep Dermatol 
‘Med, 2016; Article ID 1712527, Available 
under the CC BY 4.0 license 
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tem and is involved in the repair of 
DNA damaged by oxidation, deami- 
nation and alkylation. In this syn- 
drome, as in FAP, multiple adeno- 
matous (and possibly sessile serrat- 
ed) polyps develop in the large in- 
testine, but, unlike the latter, in 
MAP, the number of polyps is 
small, less than 100 (Figure 17.9). 
Despite this, more than 100 polyps 
can be found in individuals with this 


syndrome, Along with this, colorec- jl"saiur of wlemonos inte lage ine 


tal polyposis in iS tine in various hereditary polyposis syn- 
found at a young age, as in FAP. dromes. MAP ~ MUTYH-associated poly- 
Colorectal carcinoma in MAP usual- 
ly develops by age 60 years. It 
should be noted that in MAP. colon 
carcinoma develops in more proximal parts of the colon compared to FAP, 
‘The diagnosis of this syndrome may be made after exclusion of FAP based 
‘on appropriate criteria. In MAP, gastric polyposis is infrequent (11%), but 
duodenal polyposis is common. Individuals with this syndrome have an in- 
creased risk of developing colorectal adenomatous polyposis (by 20-100 
times), carcinoma of the large intestine (in 40-100% of cases), bladder (by 
7-19 times), ovary (by 5-17 times), duodenum (in 4-5% of cases), stomach 
(in 2% of cases) and probably of the breast and endometrium, 


Approximately 30 different mutations are known in the MUTYH gene. In people of 
Citar race, mostly two mutations are Observed inthe MUTTH pee (in 70-75% of al 


plycosylase enzyme. A biallelic (homozygous or complex heterozygous, cor hret- 
frorypous) muti in the MUTYH genet found in 0.01-0.04% a people ofthe Cac 
sian race, a monoallelic (heterozygous) mutation is observed in 12% of those people, 


‘There is evidence that people with a monoallelic mutation in the MUTYH gene have @ 
‘moderately inereased risk (by 2-3 times) of developing colon carcinoma, gastric earcino- 
‘ma, breast carcinoma, endometrial carcinoma and liver carcinoma if they are relatives of a 
‘person with a heterozygous mutation in this gene and a history of colon carcinoma. 


As stated above, the MYH-glycosylase enzyme is a part of the BER system, This en- 
zyme corrects the special errors that occur during DNA replication. As known, nucleo- 
tides in DNA are arranged in pairs according to the pattem A-T. G-C. As a result of oxi- 
dative DNA damage caused by reactive oxygen species (which are formed during aerobic 
metabolism) or exposure to chemical compounds or radiation, an oxidized form of gua- 
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/-8-oxoguanine 
Uct of oxidative stress. $-0x0-G is paired with adenine 

CFigwe VIO): Taye VR glooapies Grats et vas. Sine Wore 
the accumulation of mutations, which can facilitate the development of malignant cells. In 
other words, during DNA replication, the MYH-glyeosylase recognizes and removes 8- 
‘oxo-G from the DNA strand, and the damaged region of the DNA is repaired by appro- 
priate enzymes. The described DNA repair is called base excision repair. 


Juvenile polyposis syndrome is a 
hereditary disorder (the inheritance 
pattern is autosomal dominant) that 
develops as a result of germline het- 
erozygous mutations. inthe 


nine, 7,8-dihydroxy- libata d sole perapldeinagepstas 


BMPRIA (10q23.2) or SMAD4 
(18q21.2) genes and is characterized 
by developing multiple retention 
polyps in the gastrointestinal tract, 
mainly in the large intestine during 


childhood and in youthful age. One 
out of 16.000-100.000 newboms is 
bom with this genetic disorder. The 
BMPRIA gene codes for BMPRIA 
(bone morphogenetic protein recep- 
for 1) protein, which is involved in 
the transduction of extracellular sig- 
nals into the cell nucleus by binding 
the TGF-B (transforming growth 
‘factor beta) signaling pathway ligands. The SMAD4 gene encodes the 
SMAD4 protein, which is a part of the TGF-B signaling pathway. The 
BMPRIA and SMAD4 proteins work together to activate special genes that 


control cell growth and division. 


Polyps typically appear before age 
20 years. The number of polyps var- 
ies from a few to several hundred. 
Histologically, juvenile polyps are 

amartomatous and have a normal 
epithelium with a dense stroma, a 
smooth surface with dilated and mu- 


% " mrsertas tose 
cus-filled glands on the lamina pro- Figure 17.11. A schematic illustration 
pria (Figure 17.11). Polyps can demonstrating diflerences in the histopatho- 


cause abdominal pain, diarrhea, and 
bleeding. In about 15% of cases, 
intestinal malrotation (intestinal vol- 


logical structure of hamartomatous polyps 
associated with juvenile polyposis syn- 
drome (A) and Peutz-Jeghers syndrome (B), 
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vulus), heart or brain disorders, a defect in the floor of the mouth, polydac- 
tyly, abnormalities in the genitals or urinary tract are observed. 50-60% of 
patients with juvenile polyposis syndrome develop cancer of the gastrointes- 
tinal tract, mainly colorectal carcinoma during their lifetime. 


Juvenile polyps are benign neoplasms, but in 10% to 40% affected patients, colorectal 
juvenile polyps and about in 20%% of affected patients, gastric juvenile polyps may pro- 
‘gress into cancer during their lifetime, The mechanism of malignant transformation and 
enetic alterutions during this process are the same as during the malignant transfor= 
mation of adenoma. It should be noted that sporadic juvenile polyps without association 
With juvenile polyposis syndrome are not characterized by a high risk of malignant trans- 
formation. 


Germline mutations in the BMPRIA and SMAD4 genes are found in only SO%6 of fami= 
lies with juvenile polyposis syndrome, Sporadic juvenile polyps can be found in 2% of 
children, the connection of which with the described syndrome should be excluded, since 
the clinical course of sporadic juvenile polyps is quite different 


‘The name of the juvenile polyposis syndrome characterizes the pathological feature of 
the polyp, but not the age of the patients in which these polyps are found. Juvenile polyps 
‘can occur at any age, but patients with this syndrome develop polyposis typically before 
‘age 20 years. Clinical criteria for this syndrome are: 1) detection of >S hamartomatous 
polyps in the large intestine; 2) juvenile polyps in other parts of the gastrointestinal tract, 
3) any number of juvenile polyps and a family history of this syndrome. 


‘Three clinical types of juvenile polyposis syndrome have been described: juvenile poly- 
posis of early childhood, generalized juvenile polyposis, and juvenile coion polyposis. 
Juyenile polyposis of early childhood is characterized by polyps throughout the gastroin- 
testinal tract in early childhood. This type of juvenile polyposis isthe most severe form in 
the clinical course and is accompanied by adverse consequences. Children with juvenile 
polyposis suffer from diarthea from early childhood and develop protein-losing enteropa- 
thy, lending to cachexia. In generalized juvenile polyposis, polyps are seen throughout the 
tpistrontestimal tract. In the third type, juvenile polyposis of the large intestine, polyps 
develop exclusively inthe lage intestine 

Polymerase proofreading-associated polyposis is a rare hereditary disor- 
der (the inheritance pattern is autosomal dominant) that develops due to 

germline heterozygous mutations in the POLE (12q24.33) ot POLD! 
(19q13.33) genes, and is characterized by multiple adenomas of the large 
intestine, a high risk of developing endometrial carcinoma and colorectal 
carcinoma, These genes encode the ¢- and 6-subunits (exonuclease domain) 
of DNA polymerase, respectively, which is one of the main enzymes of eu 
karyotic DNA and promotes the synthesis of DNA strands. POLE and 
POLDI proteins belong to the B family proteases. They form the main cata- 
lytic and proofreading subunits, ¢ and 6 subunits of the enzyme complex 
Pols and Pold, which synthesize the leading and lagging strands of DNA 
during replication, respectively. The proofreading activity of these enzymes 
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detects and removes mispaired nucleotides from daughter strands, Both 
genes are expressed in all cells and show high evolutionary conservation, 
especially in the exonuclease domain, It should be noted that these genes are 
not classical tumor suppressor genes and the loss of function is not patho- 
genic. 

‘The phenotype of this syndrome is very similar to that of MUTYH- 
associated polyposis (oligoadenomas) and Lynch syndrome (large adeno- 
mas). The corresponding families are characterized by a wide range of ma- 
lignant tumors (endometrial carcinoma, ovarian carcinoma, pancreatic car- 
cinoma, small bowel carcinoma, brain tumors) as in Lynch syndrome. The 
presence of 10-100 colorectal adenomas and duodenal polyps may be a dis- 
tinguishing feature of carriers of POLE- and POLD!-mutations, in contrast 
to carriers of MMR-mutations. Colorectal carcinoma is the main malignant 
tumor in carriers of POLE- and POLD1-mutations. Along with this, this 
disorder particularly associated with germline mutations in the POLD! 
gene, is also characterized by a high risk of developing endometrial carci- 
noma, Approximately 4% of patients with familial colorectal carcinoma 
have germline mutations in the POLE or POLD! genes. 7%o of patients with 
colon polyposis not associated with mutations in the APC and MUTYH 
genes have germline mutations in the POLE or POLD! genes. About 90% 
of individuals with germline mutations in the POLE (c.1270C>G, 
p.Leu424Val) or POLDI genes develop colon carcinoma before age 70 
years. As people age, their risk of developing colon carcinoma decreases, In 
other words, colon carcinoma in this syndrome is usually detected at a 
young age 

Cowden syndrome (multiple hamartoma syndrome) is a rare (the preva 
lence is 1 case per about 200,000 population) hereditary disorder (the inher- 
itance pattern is autosomal dominant) that develops due to germline hetero- 
zygous mutations in the PTEN gene (10q23.31), which is a tumor suppres- 
sor gene, PTEN (phosphatase and tensin homolog) codes for specific en- 
zyme, which acts as a tumor suppressor and exists in almost all tissues of 
the body. 

The specific enzyme encodes! by PTEN gene modifies the activity of certain proteins vin 
removing phosphate groups from them (enzymes with this function are called phospha- 
tases, which remove phosphate groups from proteins with phosphorylated tyrosine, serine 
and threonine), As a suppressor of tumor growth, the PTEN protein accomplishes its 
function by dephosphorylation of phosphatidylinositol-3-kinase and negative regulation 
of the mTOR signaling pathway. Of note, the ZSC1, TSC2, and STKIT genes, hereditary 
‘mutations in which lead to the development of tuberous sclerosis (TSCI, TSC2) and 
Peutz-Jeghers syndrome (STK'ID), also accomplish their suppressor activity according to 
this mechanism (see page $28). Given that loss of heterozygosity inthe PTEN gene leads 
to the activation of the mTOR signaling pathway, mTOR inhibitors have a clinical poten- 
tial in the treatment of malignancies associated with Cowden syndrome 


412 


Bayramov RB 


‘Textbook of Oncology 


Figure 17.12, Multiple papules im the form of cobblestone on the lower lip (A) and oral 
mucosa (B) in a 22-year-old male with Cowden syndrome. The patient has a history of 
thyroid carcinoma. Oliveira MA, Medina JB, Xavier FC etal. Cowden syndrome, Derma- 


tol Ontine J, 2010, 16. With permission, 
‘The pathognomonic manifest 


ions of this disorder are trichilemmomas 
in the face and fibromas in the oral mucosa, which creates the appearance of 
4 cobblestone on the oral mucosa (Figure 17.12). The individuals with this 


disorder is also characterized by keratosis of the palm and sole (palmoplan- 
tar keratosis), and a high risk of developing certain malignant tumors. Com- 
pared to the general population, malignant tumors in patients with Cowden 
syndrome are detected at a younger age, most often in the third and fourth 
decades of life, More than 90% of patients with Cowden syndrome demon- 
strate manifestation of this disorder by age 20 years. By the end of the third 
decade, almost all (99%) patients 
develop at least one pathognomonic 
mucocutaneous lesion, Palmar pits 
characteristically observed in Gorlin 
syndrome (see page 165) are also 
seen in patients with Cowden syn- 
drome. 

In 80-90% of cases of this syn- 
drome, hamartomatous (often hyper- 
plastic) polyps of the gastrointest 
nal tract are observed (Figure 
17.13). Polyps are seen in the eso- 


phagus (65%), stomach (75%), duo- 
denum (35-40%) and colon (65%), 
Patients with Cowden syndrome 
have an increased risk of developing 
certain malignancies, mainly breast 
(50-85%), thyroid (3-40%), and en- 
dometrial (25-30%) carcinomas dur- 
ing their lifetime, Individuals with 
Cowden syndrome also have a sig- 


Figure 17.13. Hamartomatous polyposis of 


the large bowel in a 46-year-old male pa- 
tient with Cowden syndrome. The patient 

iso has multiple polyps in the esophagus, 
stomach and jejunum. Saito K, Nomura E, 
Sasaki Y et al Characteristics of small 
bowel polyps detected in Cowden syndrome 
bby capsule endoscopy. Case Rep Gastroin- 
test Med, 2015; Article ID 475705, Availa 
ble under the CC BY 3.0 license 
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nificantly higher risk of developing kidney carcinoma (30-35%), colorectal 
carcinoma (5-10%), and melanoma (6%). 


Pathological features of colon polyposis syndromes: 
1. Polyposis syndromes associated mainly with adenomas: 

- familial adenomatous polyposis (FAP), 

~ attenuated familial adenomatous polyposis (AFAP), 

= MUTYH-associated polyposis (MAP), 

- polymerase proofreading-associated polyposis, 

Lynch syndrome, 

= NTHLI-associated polyposis, 

2. Polyposis syndromes associated with adenomas and serrated polyps 
-RNF43-associated polyposis, 

- hereditary mixed polyposis, 

- MUTYH-associated polyposis, 

~ PTEN-associated 

3, Polyposis syndromes associated predominanily with hamartomatous polyps: 


= Cronkhite-Canada syndrome (see above). 


‘The term “serrated” reflects the sawtooth or stellate architecture of the crypts on patho 
logical examination of the polyps. It is a heterogeneous group of lesions that mainly in- 
clude hyperplastic polyp, sessile serrated adenoma, and conventional serrated adenoma. 
‘Hyperplastic polyps are the most common serrated polyps that are more likely to be found 
in the distal colon and mostly small in size (<S mm). Sessile serrated adenomas are most 
commonly seen in the proximal colon and usually larger than hyperplastic polyps. It 
should be noted that sessile serrated adenoma is @ relatively new entity that used to be 
classified as hyperplastic polyp in the past. Pathologists may have difficulty to distinguish 
sessile serrated adenomas from hyperplastic polyps on the basis of histologic architecture. 
‘In cases where the distinction is not easy, a descriptive diagnosis of "serrated polyp" may 
be rendered. Nevertheless, the distinction of sessile serrated adenoma from 
polyp appears important because the former is now thought to be precursor lesion for col- 
rectal carcinoma with MSI. Sessile serrated adenomas are found in 2% of people who 
have a screening colonoscopy. It is believed that these adenomas are responsible for the 
development of 20-35% of cases of colorectal carcinoma. 


Hereditary breast and ovarian cancer syndrome can also be associated 
With a 2-5-fold (with mutations in the BRCA/ gene) increased risk of devel- 
oping colorectal carcinoma in addition to breast carcinoma and many other 
carcinomas (see page 447). Colorectal carcinoma in individuals with hetero- 
zygous BRCA]-mutation is mostly seen at ages <50 years. 

Germline heterozygous mutations in CHEK? gene is also associated with 
an increased risk (by 2-fold) of developing colorectal carcinoma, in addition 
to breast carcinoma and many other carcinomas (see page 451). Hereditary 
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mutations in the CHEK2 gene are thought to be responsible for 18% of the 
cases of hereditary breast and colorectal carcinomas, According to data, the 
development of colorectal carcinoma is associated with 1157 missense mu- 
tation in this gene, rather than 1100deIC mutation, which is especially asso- 
ciated with an increased risk of breast carcinoma, thyroid carcinoma and 
prostate carcinoma. 

Bloom syndrome is also associated with an increased risk of developing 
colorectal carcinoma in addition to many other (hematolymphoid, mesen- 
chymal and epithelial) malignancies (see page 167). 12-20% of individuals 
With Bloom syndrome develop colorectal carcinoma during their lifetime. 
Colorectal carcinoma in this syndrome occurs before age SO years (Figure 
erage age of the corresponding patients when colon carci- 
35 years (With more often being detected in the second 
decade of life). It should be noted that more than 1° of individuals with a 
germline heterozygous mutation in the BLA/ gene (carriers of the mutated 
BIM gene) develop colon carcinoma. 

Diamond-Blackfan anemia is also associated with an increased risk of 
developing colorectal carcinoma (by approximately 45 times) along with 
other malignant diseases, particularly acute myeloid leukemia and osteosar- 
coma (see page 628). Approximately 30°% of solid malignancies in this ge- 
netic disorder are attributable to colorectal carcinoma, Colorectal carcinoma 
in this disorder is detected before age 50 years, and the average age of the 
affected patients at detection of this cancer is approximately 40 years. 

Ataxia telangiectasia is also as- 
sociated with an increased risk of 
developing colorectal carcinoma in 
addition to many other (hematolym- 
phoid, melanocytic, epithelial) ma- 
lignancies (see page 201). 

‘Although the main oncologic 
spectrum of Li-Fraumeni syndrome 
does not include colorectal carcino 
ma (see page 280), this hereditary 
disorder is also associated with an 
increased risk (by about 3 times) of 
developing colorectal carcinoma. 
Approximately 4% of patients with 


Figure 17.14. Adenocarcinoma of the as- 
ending colon in a 34-year-old male patient 
with Bloom syndrome. The patient's brother 
died of the progression of colon carcinoma 
fat age 40 years. Martinez CAR, Pinheiro 


Li-Fraumeni syndrome develop col- 
oreetal carcinoma during, their life- 
time, Colorectal carcinoma in this 
syndrome is usually detected at a 
young age. 


LV, Rossi DH et al, Adenocarcinoma of the 
right colon in a patient with Bloom syn- 
drome. Case Rep Surg. 2016; Article 1D 
3176842. Available under the CC BY 4.0 
license 
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Nijmegen breakage syndrome is also associated with an increased risk of 
developing colorectal carcinoma in addition to various lymphoid (Iympho- 
ma Hodgkin, lymphomas non-Hodgkin), epithelial (breast carcinoma, pros- 
tatic carcinoma) and mesenchymal (alveolar rhabdomyosarcoma) malignan- 
cies (see page 648). Despite the fact that heterozygous mutations in this 
gene do not show any clinical signs, they are also associated with an in- 
creased risk of developing colorectal carcinoma, 


Conditions associating with an increased risk of colorectal carcinoma 


According to data, the risk of colorectal carcinoma is 2 times higher, the 
risk of colorectal adenoma is 70% higher in individuals who have a family 
history of colorectal carcinoma. 

‘The risk of colorectal carcinoma is 10-30 times higher in people who has 
history of malignant tumors in childhood. This risk may be associated with 
hereditary disorders, the oncologic spectrum of which includes malignant 
tumors in childhood and colorectal carcinoma. Received treatment for ma- 
lignant tumors in childhood may also play a role in increasing the risk of 
colorectal carcinoma, 

According to data, the risk of colorectal carcinoma is about 10 times 
higher in people infected with HPV. 

‘According to data, the risk of colorectal carcinoma is approximately 30% 
higher in persons infected with H. pylori. 

Diabetes mellitus is associated with a 20-30% increased risk of colorectal 
carcinoma. The risk of developing colorectal carcinoma is 30-40% higher in 
individuals with metabolic syndrome (decrease in the sensitivity of periph- 
eral tissues fo insulin, an increase in visceral fat mass, high blood pressure 
and an inerease in plasma cholesterol levels). 

Patients with autoimmune diseases, especially with sarcoidosis, have a 
30% increased risk of developing colorectal carcinoma compared to the 
general population, 

In patients with gallstone disease or in those with a history of cholecys- 
tectomy, the risk of developing colorectal carcinoma is about 30% higher. 
‘This fact does not confirm a direct link between the mentioned conditions 
and colorectal carcinoma. This is most likely due to the fact that both dis- 
eases (cholelithiasis and colorectal carcinoma) share common causes (in- 
cluding impaired cholesterol metabolism). It is not excluded that patients 
with cholelithiasis or those with a history of cholecystectomy undergo fol- 
low-up examinations more often, which may contribute to the detection of 
colorectal carcinoma with an asymptomatic clinical course. 


416 


Bayramov RB Textbook of Oncology 


Figure 17.15. Adenocarcinomas at the site of the night (A) and left ureterosigmoid anas- 
tomosis (B) that developed in a patient 29 and 35 years later, respectively, after cystecto- 
‘my, which was performed at the age of 40 years. Arakawa K,, Ishihara S, Kawai K et al. A 
synchronous bilateral anastomosis site sigmoid colon cancer after ureterosigmoidostomy: 
‘case report, World J Surg Oncol, 2016, 14: 180-184 Available under the CC BY 40 
license 


The risk of colorectal carcinoma is 20-30% higher in individuals with a 
history of gastrectomy or oophorectomy. This relationship may be explained 
by the fact that these people undergo follow-up examinations more frequent- 
ly that may contribute to the detection of asymptomatic colon carcinoma, 

Approximately 5% of people who have undergone urinary diversion in 
the form of ureterosigmoidostomy, develop colon carcinoma within 10-20 
‘Years afler this procedure, 30% within 50 years (Figure 17.15). 

Tall people have a significantly higher risk of colorectal carcinoma com- 
pared to people with short stature. 


CARCINOGENESIS 


Genetically, colorectal carcinoma represents a complex disease, and se- 
quential genetic alterations lead to the progression of premalignant lesion 
(adenoma) to invasive carcinoma (adenoma-carcinoma sequence). In the 
development of colorectal carcinoma, the early event is a mutation (inherit- 
ed or sporadic) of APC gene. 


PATHOMORPHOLOGY 


‘The macroscopic appearance of colorectal carcinoma may be that of a 
polypoid vegetating mass (exophytic growth) or flat infiltrating (endophytic 
growth) lesion (Figures 17.14, 17.15). 

Most of colorectal carcinomas are adenocarcinomas (95%) that in some 
cases, demonstrate mucinous component. Much rarer carcinomas include 
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signet-ring cell carcinoma, squamous carcinoma, neuroendocrine carcino- 
ma, spindle-cell carcinoma, and undifferentiated carcinoma. Four major 
histologic subtypes of colorectal adenocarcinoma can be distinguished: mi- 
cropapillary, serrated, mucinous, and medullary. 

Mucinous adenocarcinoma is defined by >50% of the tumor volume 
composed of extracellular mucin. Tumors with significant mucinous com- 
ponent (10-50%) are usually termed adenocarcinoma with mucinous fea- 
tures or adenocarcinoma with mucinous differentiation, Mucinous adeno- 
carcinoma associated with Lynch syndrome represent high-level microsatel- 
lite instability (MSI-H) and mostly behave in a low-grade fashion in contrast 
to mucinous adenocarcinomas that are microsatellite stable (MSS), and ex- 
pected to behave more aggressi' 

Medullary carcinoma is extremely rare, constituting <10 cases for every 
10.000 colorectal carcinoma diagnosed. The tumor is characterized by 
sheets of epitheloid neoplastic cells with large vesicular nuclei, prominent 
nucleoli, abundant cytoplasm, and cellular pleomorphism. Medullary carci- 
noma is a special histologic subtype that is strongly associated with MSI-H, 
and usually has a favorable prognosis despite its poorly differentiated or un- 
differentiated histology. 

Conventional adenocarcinoma is characterized by glandular formation, 
which is the basis for histologic grading of the tumor: well-differentiated 
adenocarcinoma (>95% gland formation); moderately-differentiated adeno- 
carcinoma (30-95% gland formation), poorly-differentiated adenocarcino- 
ma (<50% gland formation), 

The most common immunophenotype of colorectal adenocarcinoma is 
CK7-negativity and CK20-positivity, which is a relatively specific staining 
pattern for colorectal origin. However, in up to 20% of cases, colorectal car- 
cinoma may demonstrate a CK7-positive(CK20 negative or CK7- 
negative/CK20-negative immunoprofile. CDX2 is a marker of enteric dif- 
ferentiation and is positive in >90% of colorectal adenocarcinoma cases, 
However, CDX2 can be positive in any carcinoma that exhibits enteric dif: 
ferentiation, and thus is not entirely colorectal-speci 

Colorectal carcinoma can spread via lymphatic and hematogenous route: 
and rarely can disseminate on the peritoneal surface (peritoneal carcinoma- 
tosis). Lymphatic metastasis develops in lymph nodes located along the ma- 
jor vessels that supply with blood the affected segment of the colorectum, 
Hematogenous metastasis mostly occurs in the liver; the lungs are the sec- 
ond most common site of distant metastasis. The lungs are more frequently 
involved in cases of rectal carcinoma (as common as liver metastasis). par- 
ticularly in cases of distal third rectal carcinoma. Lamg metastases occur fre~ 
quently together with CNS metastasis. Peritoneal carcinomatosis is often 
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considered end stage of the disease after the tumor has spread to the liver. 
Nevertheless, in half of cases of peritoneal carcinomatosis, liver metastasis 
is not present. 


Staging of colorectal carcinoma 
‘TNM staging of colorectal carcinoma is detailed on page 680. 


CLINICAL PRESENTATION 


Clinical presentation of colorectal carcinoma is dependent on the stage 
and location of the tumor. Symptoms characteristic of colorectal carcinoma 
mostly indicates the advanced disease. Early colorectal carcinoma has no 
associated specific symptoms: some patients are with the symptoms of the 
existing background conditions (¢.g.. inflammatory bowel disease, polypo- 
sis, ete.) and may be occasionally diagnosed with early colorectal carcino- 
ma. Thus, due to increasing practice of screening for colorectal carcinoma, 
this cancer currently is often detected before it starts to cause symptoms. 
‘The common clinical presentations associated with the more advanced 
stage ofthe disease include the followings: 
Iron-deficiency anemia (due to occult or obvious bleeding); 
= Abdominal pain (due to obstruction of the lumen and bloating, or local 
invasion): 
* Change in bowel habit (constipation or diarrhea); 
* Rectal bleeding (due to spontaneous destruction of the tumor): 
* Change in the caliber of the stool (due to concentric narrowing of the ree- 
tal lumen); 
Fever (mostly due to perforation and associated pericolic abscesses); 
* Symptoms and signs of acute bowel obstruction (due to complete ob- 
struction of the lumen of the colon); 
* Urinary symptoms (when tumor invades or compresses the bladder or 
prostate); 
* Pelvic and/or back pain (when tumor invades or compresses nerve trunk). 
Right-sided tumors of the colon are most commonly associated with 
younger age, iron-deficiency anemia and/or diarrhea, but left-sided carci- 
nomas with older age, constipation or bowel obstruction, 
Patients with advanced or metastatic colorectal carcinoma may present 
With the following symptoms and signs: 
* Paraumbilical subcutaneous metastasis (Sister Mary Joseph's nodule or 
nodules), 
= Palpable enlarged left supraclavicular lymph node (Virchow node or 
‘Troisier sign); 
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* Obstructive jaundice (due to multiple hepatic metastases); 
= Ascites and/or pleural effusion (due to carcinomatosis on serous surfaces 
and/or hypoalbuminemia) 

It should be noted that approximately 20% of patients with colorectal 
carcinoma already have metastases at initial diagnosis. In most of the cases, 
distant metastases (liver or pulmonary) do not manifest specific symptoms 
and signs due to characteristic less aggressive clinico-biological behavior of 
the colorectal carcinoma. 


DIAGNOSTICS 


Clinical examination (history taking, inspection, palpation, percussion) 
can provide valuable information in patients with colorectal carcinoma, At 
early stage of the disease the patient may look healthy unless they have 
anemia due to bleeding. Typical physical signs of colorectal carcinoma are 
almost always late events. Exhausted and cachectic appearance of the pa- 
tients almost always indicates the incurable stage of the disease, Colon car- 
cinoma can be palpated at resectable stage unlike gastric carcinoma. Liver 
with multiple metastases can be palpated. Percussion can detect ascites and 
pleural effusion in late-stage disease. Digital rectal examination (DRE) can 
easily detect tumors in the lower and middle rectum; this examination can 
also evaluate the relationship of the tumor to adjacent structures, and thus 
resectability of the disease. 

A suspicion of colorectal carcinoma diagnosis on basis of clinical presen- 
tation and physical examination warrants colonoscopy (with biopsy if any 
lesion was detected) and DRE. Total colonoscopy is recommended all cases 
in order not to omit possible proximal lesions (cancer or adenomas), as not 
uncommonly, synchronous neoplasm may be present in cases of carcinoma 
detected in the distal parts of the colorectum (Figure 17.15). In cases of the 
absence of preoperative total (or virtual) colonoscopy. completion colonos- 
copy is recommended within 6 months after surgery for rectal carcinoma, 

After colorectal carcinoma is confirmed histopathologically, staging of 
the disease is performed. For this purpose, adequate imaging of the chest 
and abdomen should be obtained. US of the abdominal organs, abdominal 
and pelvic CT scan (Figure 17.16), abdominal and pelvie MRI are appropri- 
ate for staging and assessing resectability of the tumor. MRI is the most ac- 
curate imaging study for locoregional clinical staging (especially in rectal 
carcinoma) and is valuable for selection of appropriate patients for neoadju- 
vant therapy and definition of the extent of surgery. It should be noted that 
clinical nodal staging is unreliable, even using endorectal US (ERUS), C’ 
and MRI combined. Therefore. N staging is not of high importance to clini- 


420 


Bayramov RB ‘Textbook of Oncology 


Figure 17.16, CT scan imaging of colon carcinoma and colorectal liver metastasis. A — 
‘adenocarcinoma of the rectosigmoid region (arrows) in a male patient aged 59 years, B— 
1 large metachronous liver metastasis in the right hepatic lobe in a male patient aged 36 
years. The patient underwent right hemicolectomy 2 years ago, 


cal decision-making. For this purpose, the relationship between tumor and 
mesorectal fascia (MRF) is more crucial than lymph node status in cases of 
rectal carcinoma. 

Imaging studies should also include chest radiography or thoracic CT for 
assessing the lungs. '*FDG PET-CT scan may allow to assess metastatic de- 
posits better in some cases. However, PET-CT should not be used routinely 
for initial staging. It should be noted that mucinous carcinoma, including 
signet-ring cell type of colorectal carcinoma may not be visualized on PET 
sean, 

ERUS may determine early-stage rectal carcinoma confined to the muco- 
sa and submucosa, and thereby, can identify tumors appropriate for 
transanal endoscopic microsurgery (TEM). However, the accuracy of this 
study is 70-72%, with more overstaging than understaging (Figure 17.17), 
ERUS offers less benefit in locally advanced rectal carcinoma cases. 

A baseline serum CEA level should be obtained preoperatively, as it car- 
ries prognostic value; highly elevated CEA level may be indicative of dis- 
seminated disease, Moreover, increased level of serum CEA may be associ 
ed with an unfavorable prognosis in patients with resectable colorectal 
carcinoma. Nevertheless, this marker has not been included in colorectal 
carcinoma staging guidelines 

‘Treatment of metastatic colorectal carcinoma is increasingly guided by 
molecular testing of the tumor, Formalin-fixed paraffin-embedded tissue is 
acceptable specimen for this purpose. Deficient mismatch  re- 
pair/microsatellite instability (d4MMR/MSI) testing must be performed in all 
colorectal carcinoma cases (in all patients aged <70 years and in patients 
aged >70 years who meet the revised Bethesda guidelines for HNPCC) for 
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Figure 17.17. EUS imaging of rectal carcinoma. A —T1 rectal carcinoma confined to the 
mucosa and superficial submucosa (SM); B— 2 rectal carcinoma invading the muscu- 
Jatis propria (MP). Siddiqui AA, Fayiga Y, Huerta S. The role of endoscopic ultrasound 
in the evaluation of rectal cancer. Indl Sem Surg Oncol, 2006, 3: 36. Available under the 
CC BY 200 license 


identification of patients with Lynch syndrome and for prognostic stratifica- 
tion, Molecular testing for BRAF 600 mutation should be carried out in 
conjunction with dMMR/MSI for prognostic stratification, BRAF-mutation 
testing is not needed if there is no high MSI with loss of M/Lif/, RAS- 
mutation analysis should be performed for patients with colorectal carcino- 
ma who are being considered for anti-EGFR therapy 

Once colorectal carcinoma is diagnosed, pretreatment (preanesthesia) 
evaluation includes complete blood cell count, comprehensive metabolic 
panel, and ECG, which assist in determining optimal therapy 
Histopathologic examination of surgical specimen (resectate) determines 
tologic type of carcinoma, its degree of differentiation, MMR status, 
sess the removed lymph nodes, which are important for fi 
staging and planning further treatment. 


pathologi 


TRI 


Surgical management 


TME 


‘The approach for removal of early-stage colorectal carcinoma is greatly 
depends on the stage and location of the tumor. Complete endoscopic poly 
pectomy should be performed whenever possible. The presence of invasive 
carcinoma in a polyp requires a thorough review for unfavorable histologi- 
cal features that are associated with an adverse outcome. Unfavorable histo- 
logical features include: grade 3 differentiation; lymphatic or venous inva- 
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sion into the stalk of the polyp (in pedunculated polyps); level 4 invasion 
{invasion into submucosa of the bowel wall below the polyp): positive mar- 
gins of the excised lesion. 

Endoscopic polypectomy is adequate extent of removal for pedunculated 
polyps with invasive carcinoma without unfavorable histological features. 
When unfavorable histological features are present in a polyp, resection is 
recommended for patients with average operative risk. Standard surgical 
resection is recommended for patients with average operative risk with inva- 
sive carcinoma in sessile polyp. 
fage carcinoma of the lower rectum, transanal minimally inva- 
surgery (TAMIS) or endoscopic submucosal dissection (ESD) is an ap- 
propriate extent of surgery that can spare anal sphincter unlike abdominop- 
erineal resection. The lesions amenable for local excision include small 
(<3.0 em in size) tumors, occupying less than one third of a circumference 
of the rectum; preferable exophytic (polypoid); superficial and mobile (TI 
and T2) lesions; low-grade (well and moderately differentiated) tumors that, 
are located in the lower rectum (within 8.0 em of the anal verge). These tu- 
‘mors must be associated with no palpable or radiologic evidence of enlarged 
mesenteric lymph nodes. It should be noted that the likelihood of lymph 
node involvement in this type of cases ranges from 0% to 12%. Although 
local excision of early-stage rectal carcinoma may be associated with high 
local recurrence rates (up to 40%, mean 15-20%), this type of surgery is in- 
creasingly used to treat stage I rectal carcinoma, despite its inferiority to to- 
tal mesorectal excision (TME). This is because local excision is character- 
ized rapid recovery, minimal effect on sphincter function, and relatively low 
morbidity and mortality. 

‘TEM js another form of local excision of lesions located higher in the 
rectum, even in the distal sigmoid colon. This procedure is conducted with 
special operating proctoscope that distends the rectum with insufflated car- 
bon dioxide and allows the passage of dissecting instruments, This proce- 
dure has not come into wide use yet because of significant learning curve 
and lack of availability, TEM allows more accurate local excision of rectal 
tumors than other local excision procedures, and provides similar oncologic 
outcomes in pT (with eNO) tumors compared with TME, without compro- 
mising sphineter function, 

Surgery is only treatment modality that offers cure in patients with local- 
ized colorectal carcinoma (stage I-III). Surgical resection is only potential 
curative option for patients with limited metastatic disease in the liver 
and/or lung (stage IV disease). It should be noted that elective colon resec- 
tion in patients with stage IV non-obstructed colon carcinoma is a source of 
continuing debate. 
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Figure 17.18. Schematic description of standard surgical procedures in 

znomas. A ~ right hemicolectomy, B — transverse colectomy; C — ie hesicsosomyeD 2 
‘sigmoid resection; E-— anterior resection; F —abdominoperineal resection. 

© — primary tumor, — extent of resection 


Surgery for colorectal carcinoma should include removal of the primary 
tumor with adequate margins and all regional lymph nodes. Therefore, the 
extent of colonic resection is determined by the blood supply and distribu- 
tion of regional lymph nodes. The resection should include a segment of co- 
Jon of at least 5.0 cm proximally and distally from the tumor borders, alt- 
hough wider resection is often carried out because of obligatory ligation of 
the supplying artery. During colonic resection for colon carcinoma, at least 
12 lymph nodes should be harvested to eradicate potential lymph node me- 
tastasis ant to determine stage II versus stage III disease by histopathologi- 
cal assessing the removed lymph nodes. Radical-intent surgery for rectal 
carcinoma should include TME, a procedure that removes all mesorectal fat, 
including all Lymph nodes along with the affected segment of the rectum. 
Various standard colectomies are executed for colorectal carcinoma de- 
pending on the location of the primary tumor (Figure 17.18): right hemi- 
colectomy (when a primary tumor is located in the caecum, ascending co- 
Jon, or hepatic flexure of the colon); extended right hemicolectomy (when a 
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primary tumor is located in the proximal or middle transverse colon); trans- 
verse colectomy (when an early-stage primary tumor is located in the mid- 
die transverse colon); left hemicolectomy (when a primary tumor is located 
in the splenic flexure of the colon or in the descending colon); sigmoid co- 
lectomy (when a primary tumor is located in the sigmoid colon), (low) ante- 
rior resection or Hartmann's procedure (When a primary tumor is located in 
the rectosigmoid region, upper or middle third of the rectum); abdominoper- 
ineal resection (when a more advanced primary tumor is located in the lower 
rectum). 

‘Hartmann's procedure is a type of colectomy, during which the affected part of the co- 
Jon with proximal part of the rectum is removed. The remaining rectum is closed and the 


colon is redirected to a colostomy. The colostoma may be closed later with colorectal 
anastomosis, 


‘Patients who are candidates for low anterior resection should be informed that a tempo- 
rary preventive colostomy or ileostomy may be necessary. They also must be willing to 
accept the possibility of slightly less-than-perfect continence after surgery, although this 
is not usually @ major problem. Transient urinary dysfunction secondary to weakening of 
‘the detrusor muscle may be seen in 3-15% of patients who underwent this surgery. Sexual 
dysfunction is more prominent and includes retrograde ejaculation and impotence These 
complications are observed in 5-70% of men. 


All above described surgical operations (excluding abdominoperineal resection, which 
always ends with permanent colostoma) may end with colo-colonic or colorectal (or co- 
Joanal) anastomosis or colostoma, depending on whether patient has complications (acute 
colonic obstruction, peritonitis) and serious comorbidities or not. Obstructive colorectal 
carcinomas mostly ure managed by two-stage surgical procedures: colostomy first fol- 
lowed by colomie resection, or Hartman's procedure first followed by colostoma closure 
und colo-colonic (or colorectal) anastomosis. Endoscopic stenting can be used to relieve 
‘obstruction in patients with rectosigmoid carcinoma, which can allow subsequent one- 
step resection One-step resection can also be performed in patients with obstructing right 
colon carcinoma. 

More advanced rectal tumors, including cT2 and eT 3a should be treat- 
ed with TME, although a partial mesorectal exeison, with a distal mesorectal 
margin of at least 5.0 em, can be considered in cases of upper-third rectal 
carcinoma, ‘The choice of laparoscopic or open surgery should be based on 
surgeon's experience and patient-related factors, such as obesity and history 
of previous open abdominal surgery. 

For ¢T2 rectal carcinoma <4,0 em in size, local excision following neo- 
adjuvant (chemo)radiotherapy is an alternative to abdominal surgery, partic- 
ularly in fragile patients at high surgical risk. 

‘Total abdominal colectomy with ileorectal anastomosis may be required 
for patients with any of the following: colon carcinoma associated with 
Lynch syndrome; colon carcinoma associated with FAP or AFAP; simulta- 
neous multiple colon carcinomas. 
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‘The routine use of elective resections in patients with non-obstructing co- 
lon/rectal carcinoma of stage IV disease is a source of continuing debate as 
stated above. However, surgeons claim that elective operations have lower 
morbidity compared with emergent operations on patients receiving chemo- 
therapy. 

Colonie resection can also be performed via laparoscopic approach, par- 
ticularly for left sided colorectal carcinoma. For right sided colon carcino- 
ma, the benefit is less obvious, since anastomosis must be hand sewn, which 
requires laparotomy, Laparoscopic colectomy is characterized by long-term 
results similar to those of the conventional approach. Short-term results fol- 
lowing laparoscopic colectomy are characterized by reduced pain, reduced 
duration of ileus, and reduced length of hospital stay. Nevertheless, laparo- 
scopic colectomies should be performed by technically experienced sur- 
geons and in patients with no serious abdominal adhesions due to prior ma- 
jor abdominal surgery. Colectomy should not be executed via laparoscopic 
approach for locally advanced carcinoma and in patients with perforation or 
obstruction. 

Laparoscopic rectal resections for rectal carcinoma are characterized by 
shorter hospital stay. earlier retum to bowel function, and reduced intraoper- 
ative blood loss, with similar oncological outcomes when compared with 
open surgery, But operative time is significantly longer for laparoscopic 
procedures. 

Surgery may also be attempted in cases of locally recurrent rectal carci- 
noma (after local excision or low anterior resection) and includes abdom- 
inoperineal resection (in patients who had a sphincter-sparing surgery) or 
pelvic exenteration 

‘Treatment strategy for oligometastatic disease (OMD) should be based 
on the possibility of achieving complete ablation of all tumor masses using 
surgical RO resection and/or local ablative treatment (LAT), For OMD con- 
fined to a single organ (mostly to the liver), or a few organs, surgery is the 
standard management and is the only option that can offer cure, Upfront 
surgery for hepatic metastasis should be performed in patients with clearly 
resectable disease and favorable prognostic criteria where the primary goal 
is cure; in those cases, preoperative treatment may not be necessary. Contra- 
indications for hepatic resection for colorectal liver metastases include: im- 
possibility of RO resection; impossibility of preserving >30% liver remnant; 
presence of unresectable extrahepatic disease; number of metastatic lesions 
>$, 

OMD is characterized by metastases at up to three different sites, with five or less le- 
sions, predominantly visceral and occasionally Iymphonodal. 
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LAT for colorectal liver metastases includes local thermal ablation (RFA, 
eryoablation, microwave ablation), chemoembolization, radioembolization 
(with %Y-labeled microspheres), and stereotactic body radiotherapy 
(SBRT), Patients with lung metastases have better outcomes and a "watch 
and wait" strategy may be appropriate. 


Chemotherapy 


According to data, adjuvant chemotherapy provides reduction in recur- 
rence rate and consequently. a significant disease-free survival benefit in 
stage II and III colon carcinoma. Adjuvant therapy can reduce the risk of 
distant metastasis by about half in patients who underwent radical-intent 
surgery for colon carcinoma. 

‘The standard adjuvant chemotherapy for patients with stage II and III 
colorectal carcinoma consists of $-Fluorouracil (5-FU) in combination with 
levamisole and leucovorin. This approach has been demonstrated to reduce 
5-year rate of cancer recurrence and death by about 30%. 

Capecitabine has also become a standard option for treatment of patients 
with stage II and III colon carcinoma. Like 5-FU, capecitabine is a fluoropy- 
rimidine, but it is administered orally rather than intravenously. Capecita- 
bine undergoes a eee enzymatic conversion to 5-FU, with the last step 
‘occurring in the tumor & 

‘The addition of etna, a platinum-based anticancer agent to fluoro- 
pyrimidine-based therapy has also become standard in the management of 
colon carcinoma, According to data from studies, the 5-year overall survival 
is superior with capecitabine/oxaliplatin (CAPOX) compared with 5- 
FU/leucovorin regimen. 

The role of adjuvant chemotherapy for stage II colon carcinoma is con- 
troversial and is not routinely used for unselected patients, Although it is 
considered that surgery alone is curative for stage II colon carcinoma, 20- 
30% of these patients develop tumor recurrence and ultimately die of meta- 
static disease, Guidelines recommend against routine use of adjuvant chem- 
otherapy for patients with stage II colon carcinoma who are at a low risk of 
recurrence, However, they recommend offering adjuvant chemotherapy to 
patients with stage IIB and IIC disease. Adjuvant chemotherapy is suggested 
to be offered patients with stage IIA disease who have any of the following 
high-risk factors (especially more than one risk factor): sampling of fewer 
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than 12 lymph nodes in the surgical specimen; pT4 stage; intestinal obstruc- 
tion; tumor perforation; poorly differentiated or undifferentiated carcinoma; 
perineural or perivascular invasion, 

Guidelines do not routinely recommend the addition of oxaliplatin to 
fluoropyrimidine-based adjuvant chemotherapy for patients with stage II 
colon carcinoma. Gui also recommend against routinely offering ad- 
juvant chemotherapy to patients with dMMR/MSI, but if the combination of 
dMMR/MSI and the above stated high-risk factors results in a decision to 
offer adjuvant chemotherapy, oxaliplatin is recommended to be included in 
the chemotherapy regimen. 

The standard adjuvant treatment of stage IIL colorectal carcinoma is a 
doublet chemotherapy with oxaliplatin and a fluoropyrimidine. FOLFOX 
(leucovorin’5-FU/oxaliplatin) or CAPOX (capecitabine/oxaliplatin) should 
be the preferred regimens. As capecitabine does not need a central venous 
access, CAPOX (XELOX) may be preferred in many patients. 

‘The duration of adjuvant chemotherapy depends on the stage of the dis- 
ease, According to guidelines, for patients at a high risk of recurrence (4 
and/or N2 disease) 6 months of adjuvant chemotherapy should be offered 
(FOLFOX for 6 months or CAPOX for 3-6 months), but for patients at a 
low risk of recurrence (T1-T3 and N1), either 3 or 6 months of chemothera- 
py may be offered (FOLFOX for 3-6 months or CAPOX for 3 months). I 
important to note that the rate of neurotoxicity is about 3 times higher after 
chemotherapy for 6 months. It should be noted that the level of evidence for 
benefit from adjuvant chemotherapy is lower in rectal carcinoma compared 
with colon carcinoma, 

‘An age of >70 years at presentation is not a contraindication to standard 
therapies, although available evidence suggest that these patients do not ob- 
tain significant benefit from oxaliplatin-based regimens in the adjuvant set- 
ting, 

‘Any patient with limited liver and/or lung metastases who is not suitable 
for upfront surgery, should be considered for potential secondary resection. 
In patients with technically resectable hepatic metastasis where the progno- 
sis is probably unfavorable or unclear, perioperative chemotherapy (3 
months prior to and after surgery) with leucovorin/S-FU/oxaliplatin (FOL- 
FOX) or capecitabine/oxaliplatin (CAPOX) should be given. Targeted ther- 
apy should not be used for this purpose. Conversion therapy is the best 
means for converting unresectable disease to resectable. It should be noted 
that there is currently no standard treatment of synchronous colorectal liver 
metastases, but the recommendation is for more aggressive approach and 
preoperative chemotherapy. 

Systemic treatment is the standard of care for patients with more exten- 
sive OMD, involving more sites or characterizing by more lesions. The typ- 


428 


Bayramov RB Textbook of Oncology 


ical first-line treatment options are a cytotoxic doublet (FOLFOX, CAPOX 
or FOLFIRI, leucovorin’S-FU/irinotecan), or, in selected patients, cytotoxic 
triplet (FOLFOXIRI, leucovorin/S-FU/oxaliplatin irinotecan). Fluoropyrim- 
idine monotherapy is an option in selected patients who are not candidates 
for combination chemotherapy. 

‘The advent of new chemotherapeutic and molecular targeted agents has 
improved the survival for patients with metastatic disease. Newly approved 
(by the FDA in 2015) trifluridine tipiracil, a novel, orally active antimetabo- 
lite agent comprised of trifluridine (a thymidine-based nucleoside analogue) 
and tipiracil (a potent thymidine phosphorylase inhibitor) has demonstrated 
superior overall and progression-free survival in patients with metastatic 
colorectal carcinoma. 

Chemotherapy alone may be insufficient where the primary rectal carci- 
noma remains untreated: local palliation of symptoms with radiotherapy 
may be required. For this purpose, short-course radiotherapy is preferable to 
chemoradiotherapy, allowing systemic chemotherapy to start within 2 weeks 
from initiation of treatment, palliating symptoms in most patients and avoid- 
ing salvage stoma for some. 


Molecular targeted therapy 


For metastatic colorectal carcinoma, various molecular targeted therapies 
are also used depending on molecular characteristics of the tumor. These 
therapies include monoclonal antibody against VEGF (bevacizumab), mon- 
octonal antibody against EGFR (cetuximab, panitumumab), anti-PD-1 mon- 
oclonal antibodies (nivolumab, pembrolizumab). In other words, targeted 
agents are indicated in the first-line treatment of most patients with unresec- 
table metastatic disease (unless contraindicated). 

If bevacizumab is used, it should be combined with cytotoxic doublets 
Cf FOLFIRD or cytotoxic triplet (FOLFOXIRD), Accord- 
ing to data, addition of bevacizumab to chemotherapy with FOLFIRI has 
demonstrated improved survival for patients with metastatic colorectal car- 
cinoma. Bevacizumab is also approved with fluoropyrimidine-oxaliplatin- 
based chemotherapy for second-line treatment of patients with metastatic 
colorectal carcinoma. Despite its role in metastatic colorectal carcinoma, 
bevacizumab has not exhibited significantly prolonged survival in patients 
with stage II or III colon carcinoma. 

Patients receiving FOLFOX or CAPOX combined with bevacizumab as 
induction therapy, should be considered for maintenance therapy after 6 ey- 
cles of CAPOX or 8 cycles of FOLFOX. The optimal maintenance therapy 
is a combination of fluoropyrimidine/bevacizumab; bevacizumab as mono- 
therapy is not recommended. 


429 


Bayramov RB ‘Textbook of Oncology 


Cetuximab (EGFR inhibitor) is approved for management of KRAS- 
mutation-negative (wild type), EGFR expressing metastatic colorectal carci: 
noma. KRAS-mutation-negative colorectal carcinomas constitute about 60% 
of colorectal carcinoma cases, and cetuximab demonstrates high efficacy in 
patients with wild-type KRAS status, but not in those with mutant KRAS. 
Cetuximab may be used as a monotherapy or in combination with irinotecan 
in patients with metastatic colorectal carcinoma refractory to fuoropyrimi- 
dine and oxaliplatin therapy. For patients with wild-type KRAS metastatic 
colorectal carcinoma, panitumumab (anti-EGFR monoclonal antibody) is 
also approved in combination with FOLFIRI, Anti-EGFR monoclonal anti 
bodies can also be combined with other cytotoxic doublet FOLFOX. It i 
important to note that capecitabine-based and bolus S-FU-based doublets 
should not be combined with anti-EGFR antibodies. 

Detection of AMMR/MSI has also become important in stratification of 
patients with colorectal carcinoma for individualized treatment approach. 
So, dMMR/MSI is observed in 10-20% of colorectal carcinoma patients and 
is a marker of a biologically distinet type of colorectal carcinoma. Patients 
with colorectal carcinoma with dMMR/MSI are not eligible for cytotoxic 
combinations and tend to response favorably to therapy with checkpoint in- 
hibitors (nivolumab, pembrolizumab). So, these tumors characteristically 
have high expression of checkpoint proteins, including PD-L1 (programmed 
death ligand 1), which interfere with the body's antitumor T-cell response. 
By disabling checkpoint proteins (PD-1 and PD-L.1), checkpoint inhibitors 
enable T-cell to kill cancer cells. 


Radiation therapy 


Although radiation therapy remains a standard modality for patients 
With rectal carcinoma, it has only a limited role in the treatment of colon 
carcinoma, Newer, more selective ways of delivering radiation, such as st 
reotactic body radiotherapy (SBRT) and tomotherapy, are currently being 
investigated, It is possible that in the future, these techniques may extend 
the indications in the management of patients with colon carcinoma. 

In rectal carcinoma, radiation therapy is mainly used in neoadjuvant set- 
ting. Neoadjuvant radiotherapy has many potential advantages, including 
the followings: it provides tumor shrinkage; it increases the resectability 
rate; it can increase the possibility of sphincter-sparing surgery; it decreases 
the tumor viability, and thereby, can result in reduction of the risk of local 
recurrence. 
jsadvantages of neoadjuvant radiotherapy include the followings: 
possible overtreatment of early-stage rectal carcinoma; loss of initial accu- 


430 


Textbook of Oncology 


staging; increased rate of postoperative complications see- 
ondary to radiation injury 

Neoadjuvant radiation therapy for rectal carcinoma is usually used in two 
conventional options: long-course radiation therapy (45-50 Gy in 25-28 
fractions) combined with radiosensitazing chemotherapeutic agents (e.g. 5- 
FU, capecitabine) followed by a treatment break of nearly 8 weeks before 
radical-intent surgery; short-course radiotherapy (5 days S Gy) followed by 
immediate surgery (within 7 days from the end of neoadjuvant therapy; 
within 0-3 days if the patients is of >75 years) or delayed surgery. None of 
these techniques has benefit in cases of upper-third rectal carcinoma above 
the peritoneal reflection (>12,0 cm from the anal verge), which should be 
treated as colon carcinoma. It should be noted that no differences in onco- 
logic outcomes between these two techniques were reported in T3-T4 N- 
positive rectal carcinoma patients, although adverse events were significant- 
ly higher after chemoradiotherapy compared with short-course radiotherapy. 


Routine use of neoadjuvant radiotherapy, either chemoradiotherapy or short-course ra- 
distion therapy in all patients with imaging predicted cN-positive rectal carcinoma 
‘mains controversial mainly because of the low risk of local recurrence after good-quality 
TME, with remoyal of the mesorectal lymph nodes en bloc. 

In patients with rectal carcinoma, radiation to the tumor can also be de- 
livered with endocavitary radiation technique. This radiotherapy technique 
differs from EBRT in that a larger dose of radiation can be delivered to a 
smaller area over a shorter period. Selection criteria for this procedure are 
similar to those for transanal excision. The lesion can be as far as 10.0 cm 
from the anal verge and no >3.0 em in size. Endocavitary radiation is deliv- 
ered via a special proctoscope and is carried out in an operating room under 
sedation. The patient can be discharged on the same day. A total of 6 appli 
cations of high-dose (20 to 30 Gy), low-voltage radiation (SOkV) is adminis- 
tered within 6 weeks. Each radiotherapy session produces a rapid shrinkage 
‘of the tumor. An additional booster dose can be administered to the tumor 
bed, The overall 5-year survival rate is >80%, although the local recurrence 
rate is as high as 30%. 

Radiation therapy is also carried out in patients who underwent local ex= 
cision for early-stage rectal carcinoma with unfavorable histologic features, 
Radiotherapy is not used in the adjuvant setting. Postoperatively, tissues are 
relatively hypoxic as a result of surgery and due to that may be more re- 
sistant to irradiation (well-oxygenated tissues are more sensitive to radio- 
therapy). Moreover, if in patients, postoperative complications occur, initia- 
tion of radiotherapy may be delayed. However, adjuvant chemoradiotherapy 
may be used selectively in patients with unexpected unfavorable histopatho- 
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logical features, including perforation in the tumor site, incomplete 
mesorectal excision, etc. 

Radiotherapy can also be used in cases of unresectable local recurrence 
as palliative treatment. In metastatic cases, it is used only for palliative ther- 
apy in selected metastatic sites, such as bone or brain metastases. 


PROGNOSIS 


Survival rate for patients with colorectal carcinoma depends on the stage 
of the disease. $-year survival rate reaches approximately 90% for localized 
disease, 70-75% for regional disease, and about 15% for metastatic disease 

Local recurrence is more common after surgery for rectal carcinoma 
compared with colon carcinoma. Recurrence (local or distant) of rectal car- 
cinoma, which mostly occurs in the first year after surgery carries a poor 
prognosis, The range of local recurrence ranges from 4% to 50% according 
to reported data. Factors that influence the development of local recurrence 
following surgery for rectal carcinoma include: location of the primary tu- 
mor (higher rate is observed in low rectal carcinomas); grade and stage of 
the tumor; surgeon-related factors; state of resection margins. 

According to data, one out of three patients who underwent resection for 
colorectal liver metastasis can survive S-year or more: of those half are 
cured of colorectal liver metastasis. The independent negative predictors for 
colorectal liver metastasis include: disease-free interval of <I year; more 
than one hepatic metastasis; size of metastasis >5.0 em; primary Iymph- 
node positivity; CEA level >200 ng/dl. 


PREVENTION 


Invasive colorectal carcinoma is a preventable disease. Approximately 
55% of colorectal carcinoma cases are associated with lifestyle, which can 
be prevented by appropriate measures: 

* Consuming little amount of red and processed meat, since approximately 
20% of colorectal carcinoma cases are associated with this factor; 

* Consuming a sufficient amount of fibrous foods (non-starchy vegetables, 
fruits, and especially products of granular origin), since >10% of colorec- 
tal carcinoma cases are associated with the consumption of an insuffi- 
cient amount of these foods; 

* Getting enough calcium and vitamin D (either through diet or supple- 
mentation) may reduce the risk of colorectal carcinoma: 

* Avoiding overweight and obesity, since approximately 10-15% of colo- 
rectal carcinoma cases are associated with this factor; 
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* Maintaining a physically active lifestyle, which can reduce the risk of 
colon carcinoma by about 5%; 
Avoiding (stopping) smoking, since approximately 4% of colorectal car- 
cinoma cases are attributable to smoking; 
Passing regular examination for persons from families with hereditary 
syndromes associated with polyposis, starting from a young (or adoles- 
cence) age; performing endoscopic polypectomy in cases of low polyp 
count. Prophylactic proctocolectomy is recommended for patients with 


adenomatous polyposis syndromes. 


Screening for colorectal carcinoma 


Given that early-stage colon carcinoma is typically asymptomatic, 
screening plays a major role in the finding of curable cases, as well as the 
detection of precancerous lesions, adenomas. The decline in colorectal car- 
cinoma incidence and death rates for this cancer over recent decades has 
largely been attributed to widespread use of screening, Therefore, the goal 
of colorectal carcinoma screening is to decrease mortality rate through diag- 
nosis and treatment of colorectal adenomas and early-stage curable carci- 
nomas, Recommendations regarding colorectal carcinoma screening vary 
according to different guidelines. 

Guidelines recommend that screening for colorectal carcinoma and ade- 
nomas start at age SO years in asymptomatic men and women, However, 
because of rising rates of colorectal carcinoma in younger people, the Amer- 
ican Cancer Society currently recommends that screening start at age 45 
years in persons at average risk. The individuals with any of the followings 
are at increased risk: prior history of colorectal adenoma; prior history of 
colorectal carcinoma; family history of colon carcinoma; history of inflam- 
matory bowel diseases. 

Any one of following tests can be used for screening for adenoma and 
carcinoma: flexible sigmoidoscopy every 3 years; colonoscopy every 10 
years; double-contrast barium enema every 5 years; CT colonography every 
5 years. 

‘Tests that primarily detect colorectal carcinoma include the followings: 
annual guaiac-based fecal occult blood test with high sensitivity for carci- 


433 


Bayramov RB ‘Textbook of Oncology 


noma; annual fecal immunochemical test (FIT) with high sensitivity for car- 
cinoma; stool DNA test with high sensitivity for cancer every three years, 

Guidelines for colorectal carcinoma screening include the following rec- 
ommendations: tests that prevent carcinoma are preferred over those that 
detect carcinoma; the preferred colorectal carcinoma prevention test is co- 
lonoscopy every 10 years, beginning at age SO years, but at age 45 years in 
persons who are at high risk: for patients who decline colonoscopy or flexi- 
ble sigmoidoscopy, the preferred carcinoma detection test is FIT, performed 
annually; CT colonography replaces double-contrast barium enema as the 
radiographic screening alternative for patients who decline colonoscopy; 
alternative carcinoma detection tests include fecal DNA testing 


Follow-up for colorectal carcinoma survivors 


Approximately 85% of colorectal carcinoma recurrences occur within 3 
years after radical-intent surgery, with 95% occurring within 5 years. There- 
fore, patients with colorectal carcinoma (stages II and IIT) who underwent 
radical-intent surgery. should undergo regular surveillance for at least 5 
years following resection. 

Guidelines for the follow-up care of survivors of stages II and III colo: 
rectal carcinoma include the following recommendations: surveillance is 
especially important in the initial 2-4 years following treatment, when most 
recurrences occur; patients should be followed for 5 years, and regular re- 
views of medical history, physical examination, and plasma CEA testing 
every 3-6 months; annual CT scanning of the abdomen and chest for 3 
years; annual pelvic CT scanning in patients with rectal carcinoma for 3-5 
Years; a rectosigmoidoscopy every 6 months for 2-5 years in patients who 
have not received pelvic radiation; a surveillance colonoscopy approximate 
ly 1 year after initial surger 
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EPIDEMIOLOGY AND STATISTICS 


Breast carcinoma is the most common cancer in women and its incidence 
is steadily on rise during the last 6 decades. Breast cancer ranked first 
among all malignant tumors in 2020 based on the number of new cases de- 
tected. In the same year, 2.261.419 new cases of breast cancer were regis- 
tered globally (in 2012, about 1.68 million). accounting for 11.7% of all ma- 
lignancies (about 25% of all malignancies in women). More than 99% of all 
breast cancer cases are attributable to breast carcinoma. 

One out of & or 9 women has a lifetime risk of developing breast carci- 
noma. Approximately 1% of breast carcinoma cases are seen in men, 75% 
of breast carcinoma cases are detected in postmenopausal women, only 6- 
7% in women younger than 40 years. One out of 25.000 women younger 
than 25 years may be diagnosed with breast carcinoma, while one of 8 
Women may have this cancer at age 80 years. 

‘The highest incidence of breast carcinoma is registered in Northern 
America, Australia and New Zealand, and Norther and Western Europe; 
moderate incidence is observed in Central and Eastem Europe, Latin Amer- 
ica and in the Caribbean countries; the lowest incidence in Africa and Asia, 
Recently, the incidence of breast carcinoma is increasing in countries of Af- 
rica and Asia, which is explained by "westerization” of the lifestyle in 
those countries. Demographic differences in incidence of breast carcinoma 
are prominent, which are more likely related to culinary, cultural and geo- 
graphic characteristics, rather than to national features. So despite the fact 
that the incidence of breast carcinoma is 6-fold higher among American 
Women compared to Japanese females, among granddaughters of Japanese 
immigrants in America, this is found only 1.5-fold less frequently compared 
to American women. 

In the United States, white and black women have a higher risk of breast 
carcinoma compared with Latino Americans and Asian Americans, The risk 
is also higher in women with the highest socioeconomic status. 
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Despite the increasing incidence, mortality rate for breast carcinoma is 
decreasing (1.0-1.7% per year) during the past two decades. Nevertheless, 
breast carcinoma is the main cause of cancer-related death in women <65 
years, 6.9% of all cancer-related deaths are due to breast cancer (15% in 
Women). In 2020, 684,996 cases of death from breast cancer were registered 
globally (in 2012, 522,000), ranking Sth. The mortality rate for breast carci- 


ETIOLOGIC FACTORS 


Intrinsic and environmental factors 


‘The female hormonal status (hormonal status in women is determined by 
levels of estrogen, progesterone and prolactin) is normally changing during 
life because of various causes and these alterations, to some extent, are re- 
flected in biochemical processes, genomic structure and as a result, in divi- 
sion and proliferation of the mammary gland cells, The development of 
breast carcinoma is hormone-dependent: thus, any factor that changes fe- 
male hormonal status can affect the risk of developing breast carcinoma 
(Figure 18.1). It should be noted that the factors that can cause breast carci- 
noma in premenopausal and postmenopausal women are different. 

Certain intrinsic (reproductive) factors (earlier menarche, late maternal 
age at the first birth, no history of pregnancy, shorter period of breastfeed- 


Figure 18.1, ER (estrogen receptor) and PR (progesterone receptor) are involved in the 
Activation and deactivation of certain genes (there are about 470 of them) in mammary 
‘gland cells, ER activation without PR activation results in faster cell division. The signals 
transmitted by PR activation change the nature of the signals transmitted by ER activa- 
tion. 
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ing, late-onset menopause, ete.) that are reflected in female hormonal status, 
altering the effect of endogenous estrogen (enabling exposure to excessive 
endogenous estrogen) increase the risk of developing breast carcinoma. 

‘The role of exposure to excessive endogenous estrogen is different in de- 
velopment of premenopausal and postmenopausal breast carcinoma, So ex- 
posure to excessive endogenous estrogen increases the risk of developing 
postmenopausal breast carcinoma; the development of premenopausal breast 
carcinoma is not associated with this factor. 

Earlier menarche (<12 years) and late-onset of menopause (>5S year) are 
associated with a significantly increased risk of developing breast carcinoma 
(Figure 18.2). The risk of breast carcinoma increases much more for every 
premature age of menarche compared with delay of menopause by every 
one year (5% and 3%, respectively). It should be noted that the length of the 
reproductive age (from menarche to menopause) has to do with develop- 
ment of ER/PR-positive and lobular carcinoma, 

Pregnancy prevents exposure to endogenous estrogen for a certain period 
of time. In addition, this reduces the lifetime cumulative number of men- 
strual cycles that has to do with the risk of developing breast carcinoma, For 
this reason, women having no history of pregnancy have a 25% higher risk 
of developing breast carcinoma compared with those who have given birth. 
The risk of breast carcinoma decreases by 7% for every childbirth. 

Later maternal age at the first birth is associated with an increased risk 
of developing breast carcinoma. Women with maternal age of >30 years at 
the first birth have a 2-S-fold higher risk of developing breast carcinoma 
compared to those with maternal age of <18 years at the first birth. It should 
be noted that this association has relationship with development of ER/PR- 
positive and lobular carcinoma; HER2-positive and triple-negative breast 
carvinoma is not associated with later maternal age at the first birth. 
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Figure 18.2. A diagram illustrating the risk of developing breast carcinoma depending on 
‘ages at menarche (A) and menopause (B). According to the Collaborative Group on Hor- 
monal Factors in Breast Cancer (2012). 
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Approximately 3% of breast car- 
cinoma cases are attributable to 
breastfeeding period shorter than 6 prea: 
months for every child. Breastfced- 
ing baby for 12 months is associated 
With decreased (by 4.3%) risk of 
developing breast carcinoma, breast 
feeding till the end of lactation peri- 
od by 12% for every child. ‘The risk invteased sk 
of developing breast carcinoma is 
20% lower compared to those with- 
out breastfeeding history. It should 
be noted that breastfeeding is asso- 
ciated with reduction of the risk for Figure 183, The effect of oral contmacep- 
development of ER/PR/HER2- tives on the risk of developing carcinomas 
positive breast carcinoma. of the female organs. 

It is important to note that until the end of the past century, data upon the 
role of miscarriage and abortion (pregnancy termination) were controversial. 
According to recent data, miscarriage and abortion do not increase the risk 
of developing breast carcinoma. 

Exposure to exogenous estrogen, which includes hormone replacement 
therapy and use of oral contraceptives, is associated with an increased risk 
of developing breast carcinoma. Hormone replacement therapy is associated 
with a 25% increased risk of breast carcinoma after 5 years from the start of. 
combined estrogen/progestin therapy. The risk of developing breast carci: 
noma in women who used hormone replacement therapy is 55-10% higher 
compared to those who have never used this therapy. It should be noted that 
1% of breast carcinoma cases in Wester countries are attributable to hor- 
mone-replacement therapy. 

Currently or recently using oral contraceptives containing estrogen and 
progestin is considered one of the causes of breast carcinoma (Figure 18.3). 
‘The women using or who used oral contraceptives have a 24% higher risk of 
developing breast carcinoma. After discontinuing oral contraceptives, the 
risk decreases: 10 years after stopping the use of oral contraceptives, the 
women are relieved of excessive risk. The risk is also associated with the 
age, at which oral contraceptives were used initially: the younger the age, 
the higher the risk. It should be noted that 1% of cases of breast carcinoma 
in Western countries are attributable to use of oral contracep' 


oot 
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cidence of breast carcinoma decreases in the United States, the United Kingdom, Avstral- 
in and France, which is explained by less frequently using hormone replacement therapy 
in those countries. Of note, worldwide, 9% of women of reproductive age use oral contra~ 
ceptives, This figure reaches 18% in developed countries. 


Using diethylstilbestrol during pregnancy (diethylstilbestrol is used for 
prevention of miscarriage from 1940 to 1971) is considered one of the caus- 
‘es of breast carcinoma in mothers, According to data, the risk is also a 2- 
fold higher for daughters exposed to diethylstilbestrol in utero. 


‘Aer it was found that adenocarcinoma of the vagina and/or cervix in young women 
whose mothers used diethylstilbestrol during pregnancy, the FDA (USA) banned using 
this drug in 1971. An estimated 5-10 million women worldwide (3 million in the United 
‘States) had previously used this drug during pregnancy. Despite the ban in the United 
States, this drug was used until 1977 in France, until 1980 in Spain, until 1981 in Italy 
and until 1983 in Hungary. 


Disruption of circadian rhythms due to work on night shift is considered 
one of the probable causes of breast carcinoma. Risk of developing breast 
carcinoma is 20% higher in women working (or who worked) in night shift. 
It is explained by the fact that artificial lightning related to night work is as- 
sociated with lower level of melatonin. Melatonin normally lowers circulat- 
ing estrogen levels due to that the risk of developing breast carcinoma de- 
creases. An estimated 4-5% of cases of breast carcinoma are attributable to 
night shift work. 

In women who work night shifts, the risk of developing breast carcinoma increases by 
about 3.3% for every 5 years of work experience, The risk is highest in women with more 
than 20 years of experience in this mode According to data from studies, night shift work 
poses a particularly higher risk (by 60%) for breast carcinoma in nurses, due to the greater 
workload in this area. Therefore, night shift nurses are particularly encouraged to have 
regular follow-up screenings for breast carcinoma. 

Exposure to dichlorodiphenyltrichloroethane (DDT), which was used as 

a pesticide during the World War II and later (was banned in 1970s in many 
countries), is associated with a 4-fold higher risk of breast carcinoma, This 
is an ubiquitous substance that decomposes extremely slowly in nature, 
through food chain is transmitted to other links, accumulates in adipose tis- 
sue in animals and human, and has an estrogenic activity in conjunction 
With other toxicities (see page 349). 

Exposure to ethylene oxide is considered one of the probable causes of 
breast carcinoma, People are exposed to this substance due to occupation 
related to the production of this substance or due to use products that con- 
tain ethylene oxide, Ethylene oxide is used in the manufacture of shampoos, 
detergents, disinfectants and ethylene glycol (a chemical substance used in 
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the production of antifreeze and polyester). In addition, ethylene oxide is 
used as a fumigant in preparation of ground spices and other processed natu- 
ral spices, and as a moisturizer in some cosmetic products. This substance is 
also used as a food additive (E410) in the production of some foods (ice 
cream, breakfast cereals, meat products, confectionary, fermented milk 
products and cheese) to reduce or eliminate bacterial and fungal contamina- 
tion in a number of countries outside the European Union (use of ethylene 
oxide for disinfection of food is not permitted in Europe). The women regu- 
larly exposing to ethylene oxide have a 2-3-fold higher risk of developing 
breast carcinoma, 

Using digoxin for a long time (digoxin is one of the oldest medication 
used in cardiology as a cardiac glycoside) is considered one of the possible 
causes of breast carcinoma, According to data, women who have used di: 
goxin for a long time are at higher risk (by 40%) of developing breast can 
noma compared with those who have never used this medicine. This associ- 
ation is explained by similarity of its chemical structure to that of estrogen, 
due to which digoxin has an ability to bind to estrogen receptor. Breast car- 
cinoma in women associating with digoxin use frequently demonstrate ER- 
positive profile. 

Exposure to acrylamide is considered one of the possible causes of breast 
carcinoma. People are exposed to acrylamide within foods that contain 
acrylamide (naturally forms in starchy food products during high-cooking 
temperature) and in connection with the peculiarity of the occupation (see 
page 372). Despite the fact that acrylamide is classified by IARC in the 
group of 2A carcinogenic agents (probable carcinogenic agents), opinions 
on its role in the development of breast carcinoma are conflicting, 

Regularly consuming alcohol (alcohol abuse) is an independent risk fac- 
tor for development of breast carcinoma. Nearly 6% of breast carcinoma 
cases are attributable to alcohol abuse. The risk increases by 7-12% for eve- 
ry 10 ml of absolute alcohol drunk per day. This association is explained by 
the mechanism that alcohol increases the blood estrogen level. 

Smoking is associated with an increased (by 12%) risk of developing 
breast carcinoma, The level of the risk is dependent on intensity of smoking, 
duration of smoking and the age, at which smoking was started. The risk of 
breast carcinoma is especially high (35%) in individuals with a history of 
familial breast carcinoma. It should be noted that ex-smokers remain at risk 
of developing breast carcinoma for a long time, up to 20 years after quitting 
smoking, 

Exposure to ionizing radiation (including radiotherapy for Hodgkin lym- 
phoma or for contralateral breast carcinoma) is one of the causes of breast 
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inoma. Approximately 1% of breast carcinoma cases are attributable to 
ionizing radiation (0.1% to diagnostic radiology). In such cases, breast car- 
cinoma develops decades after the exposure. Approximately 11% of cancer 
cases induced by ionizing radiation is attributable to breast carcinoma, 

It should be noted that nearly 30% of breast carcinoma cases are associ= 
ated with peculiarities of lifestyle that harbors different carcinogenic factors 
in various combinations. 


Precancerous lesions and diseases 


Intraductal papilloma is a warlike growth that arises from the epitheli- 
um of the lactiferous ducts of the breast, frequently near the nipple (Figure 
18.4). This is most commonly detected in women at age 35-50 years. Intra- 
ductal papillomas ean be solitary or multiple. Multiple papillomas tend to be 
seen in young women, mostly bilaterally and more peripherally. 

Intraductal papillomas are painless, but some women feel discomfort 
around nipple. These lesions are characterized by serous or bloody (most 
commonly) discharge from the nipple. It should be noted that intraductal 
papilloma constitutes 40-70% of the causes of bloody discharge from the 
nipple. Given the fact that multiple intraductal papillomas are located pe- 
ripherally. they are not associated with bloody discharge from the nipple. 
Sometimes, women can detect a small mass behind the nipple on self- 
examination. The lesion is not palpable when arises from the epithelium of 
the peripheral ducts. In total, intraductal papilloma is associated with a 2- 
fold increased risk for breast carcinoma. Women with multiple intraductal 
papillomas are at much higher risk of developing breast carcinoma (in 10 
35% of the cases). In other words, 
papillomas arising from the epithe- 
lium of the peripheral ducts have 
grater propensity to undergo malig- 
nant transformation. 

Juvenile papillomatosis ("Swiss 
cheese” disease) is detected in 
younger women, at age 10-44 years. 
‘This lesion appears to be painless, 
movable mass in the breast. wl 


considered to be fibroadenoma on 
palpation. Women with juvenile 
papillomatosis are at a higher (by 7 
fold) risk of developing breast car- 
cinoma, First-degree relatives of in- 


Figure 18.4. Microscopic view of an intra- 
ductal papilloma in a 48-year-old _ woman 
developed from a small lactiferous duct that 
is not palpable. With permission: Dharam 
Ramnani (webpathology. com) 
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dividuals with juvenile papillomato- 
sis also have an increased risk of 
developing breast carcinoma. 

Atypical ductal hyperplasia is a 
pathological condition characterized 
by atypical growth of the epithelium 
of the lactiferous ducts and is diag- 
nosed histopathologically. Normal- 
ly, the epithelium lining of the lac~ 
tiferous ducts are two layered, but in 
cases of atypical ductal hyperplasia, invasive ductal 
the number of epithelial layers in- careiona 
creases due to pathological growth Figure 18S. Schematic representation illus- 
of the mentioned epithelium, and  'ting the pathological features of atypical 
cellular atypism is observed in some ¥#! hyperplasia. 
areas of hyperplasia (Figure 18.5). Atypical ductal hyperplasia is found in 
approximately 10% of cases of biopsy for benign breast diseases, 

Atypical ductal hyperplasia is not palpable as a mass in the breast. This is 
detected occasionally on routine mammography. 

Despite the fact that growth pattern in atypical ductal hyperplasia is 
pathological and some features (not all) of carcinoma in situ are observed, 
this condition is not premalignant; this is just associated with an increased 
risk of developing breast carcinoma. In total, atypical ductal hyperplasia is 
associated with a 4-S-fold increased risk of developing breast carcinoma. 
During approximately 25-year control period, 30°% of women with atypical 
ductal hyperplasia can develop breast carcinoma, 

Abpical lobular hyperplasia is a pathological condition characterized by 
atypical growth of the lobular epithelium and is diagnosed histopathologi- 
cally (Figure 18.6). The type of hy- 
perplasia (ductal or lobular) in many 
cases cannot be distinguished by 
light microscope and for this pur- 
pose E-cadherin is assessed im- 
munohistochemically (negative re- buted 
sult of E-cadherin staining indicates 
lobular origin). Atypical lobular hy- 
perplasia also is not palpable as a 
breast mass and is found occasional 
ly on routine mammography. This Figure ase aa naval a 
condition is not premalignant as ‘sting logical features of atypical 
well, and is just associated with an !bular hyperplasia. 


atypical 
hyperplasia 
a 
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increased risk of developing breast carcinoma. On the whole, atypical lobu- 
ar hyperplasia is associated with a 3-5-fold higher risk of developing breast 
carcinoma. 

Sclerosing adenosis is a proliferative condition of terminal duct lobular 
unit (TDLU), being a benign form of fibrocystic alterations in the breast tha 
ovcur in the normal ageing processes. In other words, sclerosing adenosis 
a type of adenosis (adenosis is a benign breast condition with enlarged lob- 
ules and increased number of glands, typically within TDLU), in which the 
enlarged lobules are distorted by scar-like tissue, ‘The cause of sclerosing 
adenosis is unclear, and the incidence decreases in postmenopausal period 
that gives reason to assume that this condition is a result of glandular regres- 
sion occurred abnormally. In sclerosing adenosis, like in adenosis, lobular 
hyperplasia occurs and mammary lobular architecture is preserved. Unlike 
adenosis, the lobules are surrounded by intensive fibrous tissue and get dis- 
torted and deformed in sclerosing adenosis. In sclerosing adenosis, multiple 
dense nodules (nodular sclerosing adenosis), intensive fibrous tissue (fi- 
brous sclerosing adenosis) and small cysts (cystic sclerosing adenosis) are 
formed, Sclerosing adenosis may be focal or diffuse (Figure 18.7). 

Women with sclerosing adenosis experience periodical pains in the 
breasts and breast engorgement related to menstrual cycle, usually in the 
luteal phase of the eyele. In 80% of cases, sclerosing adenosis is not palpa- 
ble. In most of the cases, it is detected occasionally on routine mammogra- 
phy. Distinguishing sclerosis adenosis from breast careinoma without biop- 
sy samples is challenging. Sclerosing adenosis is associated by a 2-fold 
higher risk of developing breast carcinoma; thus this condition is recognized 
as an intermediate disease (in terms of malignancy) of the breast. 


Figure 18.7, Sclerosing adenosis in a 42-year-old woman with mastalgia: A — left medi- 
olateraloblique mammography shows architectural distortion (arrows), B ~ US shows a 
spiculated mass with acoustic shadowing (arrows). Ozturk E, Yucesoy C, Onal B et al 
‘Mammographic and ultrasonographic findings of different breast adenosis lesions. J Belg 
Soc Radiol, 2015; 99: 21-27, Available under the CC BY 4.0 license 


443 


Bayramov RB 


Radial scar of the breast is not 
really a scar; this is a proliferative 
focus of hardened breast tissue and 
represents benign sclerosing ductal 
hyperplasia, It should be noted that 
the term of “complex sclerosing le- 
sion" is commonly used when the 
size of the lesion is greater than 1 
em. Radial scar is found in women 
age 40-60 years (very rarely at 
ages <40 and >60 years). This lesion 
is detected in one out of 1.000 
women on screening mammogra- 
phy. ‘The women with this lesion 
feel no signs of the illness. 

In most of the cases, radial scar is 
not palpable (is palpable in only 
25% of the cases). That is why, this 
lesion is detected occ: 
carried out for other reasons 
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Figure 188, Craniocaudal digital breast 
tomosynthesis imaging of radial sear of the 
breast. Smetherman DH, Gowharji LF, Ra- 
dial scar of the breast. Ochsner J, 2015; 15 
219-222, Available under the CC BY 4.0 
license 


ionally on routine mammography or on examinations 
Radial scar resembles invasive ductal carci- 


noma or scirrhous carcinoma of the breast on radiologic examinations (Fig- 
ure 18.8), Therefore, radial scar can be distinguished from breast carcinoma 
only on the basis of histopathological examinations of biopsy samples in 


40-50% of cases, radial scar is asso- 
ciated with atypical ductal hyper 
plasia or ductal carcinoma in situ 
Radial scar is associated with a 2- 
fold increased risk of developing 
breast carcinoma, 

Fibroadenoma of the breast is a 
widespread benign  fibroepithelial 
tumor of the breast, peak incidence 
of which is in the second and third 
decades of life. In other words, fi- 
broadenoma of the breast is most 
commonly found in women younger 
than 30 years (Figure 18.9). Nearly 
10% woman are at risk of develop- 
ing this neoplasia across the lifes- 
pan. In 10-15% of cases, fibroade- 
noma is multiple in the breast. The 


igure 18.9. Gross appearance of bilateral 
juvenile fibroadenoma of the breast in a 12. 
year-old premenarche girl presented with 
bilateral, rapidly enlarging breast lumps for 


three months. Nikumbh DB, Desai SR, 
Madan PS et al. Bilateral giant juvenile fi- 
broadenomas of breasts: case report 
Pathol Res Intl, 2011; Article ID 482046, 
Available under the CC BY 4.0 license. 
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causes of this tumor is unclear; however, using oral contraceptives under the 
age of 20 is associated with a higher rate of fibroadenoma of the breast, 

Fibroadenomas of the breast are well-palpable; they are round, have high 
density and smooth contours, and are very clearly different from the sur- 
rounding breast tissue. On palpation, they resemble marbles, are movable 
and painless. ‘The course of fibroadenoma of the breast is highly dependent 
oon the age of the patient; 1-2% of women older than 35 years with this neo- 
plasia can develop breast carcinoma and further the risk remains being high, 
while in the majority of women younger than 20 years, fibroadenoma of the 
breast resolves spontaneously. On the whole, fibroadenoma of the breast is 
associated with a 2-fold higher risk of developing breast carcinoma. This 
neoplasia undergoes atrophy or involution after menopause, Fibroadenoma 
of the breast associated with other lesions (cysts, sclerosing adenosis, epi- 
thelial calcification) is called "complex fibroadenoma” and is associated 
with much higher (by 2-4-fold) risk of developing breast carcinoma, During 
pregnancy they increase their size, but in the period of menopause, decrease 
that. After removing fibroadenoma, solitary or multiple fibroadenomas can 
occur in the site of removal. On the whole, the rate of breast carcinoma 
within fibroadenoma specimens varies from 0.002% to 0.125%. 

Removing of fibroadenoma of the breast is not always necessary; they 
should be removed only in cases of deformation of the breast due to tumor, 
in painful cases, in cases of family history of inherited breast carcinoma, and 
when the patient have worries about malignant transformation of fibroade- 
noma and the biopsy result is uncertain. 

Phyllodes tumor (phyllodes, from the Greek meaning leaf shaped) of the breast isa rare 
variety (<1%) of breast tumors. Unlike fibroadenomas, phyllodes tumor is mainly ob- 
served in women aged over 40 years. Phylloides tumor, unlike breast carcinoma, develops 
from the cells of the stroma of the breast. Despite this, phylloides tumor still contains 
lobular and ductal elements Its development is associated with hormonal imbalance, 

Phylloides tumors ean vary in size from a few millimeters to several centimeters (Up to 
35 em). The main complaint of patients is the presence of a tumor inthe breast, which is 
painless. When no proper attention is paid to the presence of @ mass in the mammary 
‘gland, the process can cause a visible bulge, increasing in size. In many cases, phyllodes 
tumor is mistaken for fibroadenoma of the breast. The clinical differentiation of these two 
types of breast tumors is based on two parameters: 1) phyllodes tumor is observed at an 
older age. It is very rare in women <40 years, but fibroadenoma is rare in women older 
than 30 years, 2) the growth of the phyllodes tumor is faster than fibroadenoma 

Phyllodes tumor can be benign. intermediate, or malignant. The malignant type ac- 
counts for 30% of all eases. It grows rapidly (ina couple of weeks or a month it can reach 
Up to 2.0.3.0 om), but rarely spreads beyond the breast. Rapid growth does not mean that 
the tumor is malignant. Often the provoking factor in the rapid growth is pregnancy. Be- 
nign phyllodes tumor occurs at a younger age than malignant one. Phylloides tumor has a 
greater tendency to local recurrence after its removal. Distant metastases rarely develop 


With its malignant type. 
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Obese women have higher risk of developing breast carcinoma in meno- 
pausal period, This association is explained by the fact that in the menopau- 
sal period, ovaries stop producing estrogen and adipose tissue is the main 
source of estrogen production (through converting androstenedione to estro- 
gen), As the weight of adipose tissue increas 


in parallel, the risk of devel- 


increases the risk of developing breast carcinoma by 8-10%. It should be 
noted that, earlier menarche, infertility, late-onset of menopause prolong the 
period of exposure to endogenous estrogen in premenopausal women, while 
hormone-replacement therapy and obesity increase the level of estrogen in 
postmenopausal women. The risk of developing breast carcinoma in post 
menopausal women is 1.5-fold higher in overweight and obese women 
compared to women with normal BML. It has been found that obese women 
have a 30% higher risk of dying from breast carcinoma compared to thin 
women. It should be noted that high BMI is much stronger associated with 
the risk of lobular carcinoma when compared with that of ductal carcinoma. 
The risk for developing breast carcinoma is higher (by 30%) in overweight 
and obese men as well. 


Hereditary disorders 


It is supposed that 5-10% of breast carcinoma cases are related to inherit- 
ed predisposition. Family history of breast carcinoma (in first-degree rela- 
tives) is associated with a 3-fold higher risk of developing breast carcinoma. 
History of breast carcinoma in premenopausal period is associated with a 3- 
1L-fold higher risk of developing this carcinoma in daughters. Sometimes, 
in such cases, to determine the reason for familial patter, whether the in- 
creased risk is related to lifestyle or inherited factors, is difficult, Despite the 
fact that 20-30% of patients with breast carcinoma have a family history of 
this cancer (at least in one relative), only 5-10% of these cases are related to 
recognizable inherited mutation in one of the genes responsible for DNA 
repair, cell division, and regulation of cell cycle. Although, there are well- 
known genes, mutations in which play an undeniable role in genetic predis- 
position for breast carcinoma, in 70% of breast carcinoma cases with genetic 
predisposition, the cause and mechanisms of inheritance remain unclear. 

Relationship between breast carcinoma and inherited mutations is clini- 
cally assumed on the basis of the following criteria: 1) history of breast car- 
cinoma in one first-degree relative (in mother, sister or daughter), especially 
at the reproductive age; 2) history of breast carcinoma in two or more sec- 
ond-degree relatives (in grandmother, aunt or niece) of matemal or paternal 
line, especially at the reproductive age: 3) bilateral breast carcinoma at the 
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reproductive age: 4) history of ovarian carcinoma in one first-degree rela- 
tive; 5) history of breast carcinoma or ovarian carcinoma in two or more 
second-degree relatives of matemal or paternal line; 6) history of breast 
carcinoma in one relative man, 


‘There are many well-known inherited disorders, which are associated 
with an increased risk of developing breast carcinoma, including the follow- 


Hereditary breast and ovarian cancer syndrome, 
Li-Fraumeni syndrome, 

Peutz-Jeghers syndrome, 

Cowden syndrome, 

Lynch syndrome, 

Hereditary diffuse gastric cancer syndrome, 
Ataxia telangiectasia, 

Bloom syndrome, 

Hereditary retinoblastoma, 


Nijmegen breakage syndrome, 
Germline heterozygous mutations in CHEK2 gene, 
Germline heterozygous mutations in PALB2 gene, etc. 


Hereditary breast and ovarian cancer syndrome is an autosomal- 
dominant disorder that occurs due to inherited homozygous mutation in 
BRCA] (17q21.31) or =BRCA2 
(13q13.1) genes, and is responsible 
for 20% of cases of familial breast 
carcinoma and 3-8% of all breast 
carcinoma cases. Both of the men- 
tioned genes have tumor-suppressor 
activity and encode proteins partici- 
pating in the repair of DNA damage. 
Mutations in BRCA/ gene are asso- 


ciated with a very high risk of breast ° SC arage BCatage "BC ange 
carcinoma (50-90%) in women SS0sears S7Uyeary £70 years 
(Figure 18.10), ovarian carcinoma Figure 18, 10. Relative risk of developing 


(35-70%), gastric carcinoma (by 3-7 breast carcinoma (BC) in individuals with 
times), pancreatic carcinoma (by 2-3. getmline BRCAI/2-mutation at_different 


times), colorectal carcinoma (by 2-5 “8 
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times); mutations in BRCA2 gene with a very high risk of breast carcinoma 
in women (50-85%) and in men (by 50-100 times), ovarian carcinoma (10- 
30%), prostatic carcinoma (by 5-7 times), cholangiocarcinoma (by 5 times), 
pancreatic carcinoma (by 4 times), gastric carcinoma (by 3 times) and en- 
dometrial carcinoma (by 2 times). 


Inherited BRCA/ and BRCA2 gene mutations are very common in some 
ethnicities: in Ashkenazi Jews, they are observed 10 times more frequently, 
due to which Ashkenazi women are at the greatest risk of developing breast 
carcinoma. Breast carcinoma associated with an inherited BRCA/ gene mu- 
tation is commonly triple-negative and seen in younger women, while breast 
carcinoma associated with inherited BRCA2 gene mutation is mostly ER- 
positive and detected at the adulthood. It is important to note that breast car- 
cinoma occurred due to germline mutation in BRCA genes commonly har- 
bor somatic TP53 gene mutation as well. 

It should be noted that the probability of BRCA/ gene mutation is 10% in 
cases of breast carcinoma detected before age 40 years. BRCA] gene muta- 
tion is detected in 40% of families with breast carcinoma and ovarian carci- 
noma, BRCA2 gene mutation in 20% of such families. It is important to note 
that, inherited homozygous mutation in BRCA2 gene is characterized by de- 
velopment of Fanconi anemia (see page 242). 

‘The main oncologic spectrum of Li-Frawmeni syndrome includes also 
breast carcinoma (see page 280). 1% of breast carcinoma cases is due to Li- 
Fraumeni syndrome. The risk of developing breast carcinoma is the highest 
in individuals with this disorder and constitutes 50-90% throughout their 
lifetime, Breast carcinoma is bilateral in 25% of cases associated with inher- 
ited 7P53 gene mutation, Breast carcinoma in individuals with Li-Fraumeni 
syndrome is detected at the reproductive age (mean age, 33 years). Accord- 
ing to data, more than 30% of breast carcinoma cases are detected at age 
<30 years, and detection of this tumor after age >S0 years is not specific. 
Breast carcinoma associated with this syndrome is commonly triple- 
positive. It should be noted that Li-Fraumeni syndrome is also frequently 
associated with phylloides tumor of the breast. 
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(Chompret criteria (2015) for Li-Fraumeni syndrome: 1) familial tumors, a proband with 


exception of primary carcinoma), two of which are included in the onco- 
ge spc of mumen aoe andthe neo 46 yen 
tumors, patients with adrenocortical carcinoma, choroid plexus carcinoma, thabdomyo- 


sarcoma (fetal anaplastic subtype), Tegarlleas of fanity History: 4) ently ie Ureast carcl- 
‘noma breast carcinoma before the age of 31 years 

‘The main oncologic spectrum of Peut=Jeghers syndrome (see page 403) 
includes also breast carcinoma, Breast carcinoma is one of the most frequent 
carcinomas associating with this disorder and can be detected in 30-50% of 
affected individuals. Approximately half of the cases of malignant tumors 
associating Peutz-Jeghers syndrome are due to breast carcinoma, Breast car- 
cinoma in these individuals is mostly detected in young women (mean age, 
37 years) and is frequently bilateral. It should be noted that in 20% of wom- 
en with Peutz-Jeghers syndrome, ovarian sex-cord tumors can be found, 

In addition to other characteristic 
malignant tumors for Cowden syn- 
drome (see page 412). breast carci- 
noma is frequently detected in the 
affected individuals. The lifetime 
risk of breast carcinoma is 50-85% 
for women with this hereditary dis- 
order (7-9 times higher compared to 
the general population). Benign dis- 
eases of the breast (fibroadenoma, 
cystic fibrosis, ductal epithelial hy- 
perplasia) are found frequently in 
affected women, Malignant tumors, 
including breast carcinoma associat- 
ing with Cowden syndrome are of- 


fourth decade of life (Figure 18.11), Available under the CC BY 20 license. 
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According to 
drome is also associated with a 2-4 26 sen rsann 
fold increased risk of developing 
breast carcinoma in addition to colo- 
rectal carcinoma and other malig- 
nancies (see page 406). The risk es- 


germline mutation in MLHT gene, 

Hereditary diffuse gastric cancer 
is also associated with an increased 
risk of developing lobular carcino- 
ma of the breast (see page 329). In Figure 18.12 The risk of developing breast 
other words, the oncologic spectrum #feinoma due to germline mutations in 
of this hereditary disorder includes *iMferentgenes: 
also breast carcinoma (Figure 18.12). 39-52% of the affected women have a 
lifetime risk of developing breast carcinoma. Breast carcinoma associated 
with this syndrome is mostly detected at age <S0 years. It should be noted 
that very small proportion of breast carcinoma cases are attributable to 
germline mutations in CDH gene. Breast carcinoma associated with 
germline mutation in CDH gene mostly demonstrates ER-posi 

Ataxia telangiectasia is also associated with an increased risk of develop- 
ing breast carcinoma in addition to many other (hematolymphoid, melano- 
cytic, epithelial) malignancies (see page 201), It has been proven that wom- 
en carrying germline heterozygous mutations in 47M gene (ataxia telangiee- 
tasia develops as a result of hereditary homozygous mutations in ATM gene) 
have a 2-5-fold higher risk of developing breast carcinoma compared to 
non-carriers of these mutation. In other words, 60% of women heterozygous 
for mutations in ATM gene have a lifetime risk of developing breast carci- 
noma. It is estimated that 1% of the population harbor germline heterozy- 
gous mutations in ATM gene. Breast carcinoma associated with a germline 
heterozygous mutation in ATM gene mostly demonstrates ER-positivity. 

Bloom syndrome is associated with an increased risk of developing breast 
carcinoma in addition to many other (hematolymphoid, mesenchymal and 
epithelial) malignancies (see page 167). Approximately $0% of women with 
this hereditary disorder develop breast carcinoma by age SO years. Breast 
carcinoma associated with Bloom syndrome is mostly found before age 50 
years (mean age, 35 years). 

Hereditary retinoblastoma is also associated with an increased risk of 
developing breast carcinoma in addition to various mesenchymal (sarco- 
mas), epithelial (bladder carcinoma, lung carcinoma, ete.) and melanocytic 
(melanoma) malignancies 30-40 years after retinoblastoma typically diag- 
nosed at the age of 2-3 years (see page 200). 
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Nijmegen breakage syndrome is also associated with an increased risk of 
developing breast carcinoma in addition to various lymphoid (lymphoma 
Hodgkin, lymphomas non-Hodgkin), epithelial (colorectal carcinoma, pros 
tatic carcinoma) and mesenchymal (alveolar rhabdomyosarcoma) malignan- 
cies (see page 648). Despite the fact that heterozygous mutations in this 
gene do not show any clinical signs, they are also associated with an in- 
creased risk of developing breast carcinoma. 

Germline heterozygous mutations in CHEK2 gene (checkpoint kinase-2, 
22q12.1) is a hereditary autosomal-dominant disorder characterized by an 
increased risk of developing various malignant tumors, such as breast carci- 
noma (including in men), colorectal carcinoma, ovarian carcinoma, thyroid 
carcinoma, and renal carcinoma. This gene is one of the crucial genes, the 
encoded by which protein (Chk2) participate in the repair of DNA damage. 
A specific mutation in this gene (1100deIC), which play a role in the devel- 
opment of breast carcinoma, is found in 0.5-1.5% of white people. Germline 
heterozygous mutation in this gene is associated with a 2-3-fold increased 
risk of developing breast carcinoma in women, 10-fold in men. 5% of famil- 
ial breast carcinoma cases, 9% of cases of bilateral breast carcinoma, 18% 
of hereditary breast and colorectal carcinoma cases, and 4% of prostatic car- 
cinoma cases are attributable to germline heterozygous mutations in the 
CHEK2 gene, CHEK 2-mutation (1100deIC) associated with breast carcino- 
‘ma demonstrates ductal type of breast carcinoma in 85% of the cases. Breast 
carcinoma associated with germline heterozygous mutation in CHEK? gene 
mostly demonstrates ER-positi 

In addition to 1100deIC mutation, the 11S7T missense mutation in this 
gene is also associated with an increased risk of developing certain malig- 
nant tumors, such as colon carcinoma (by 2 times), thyroid carcinoma (by 2 
times), kidney carcinoma (by 2 times), prostate carcinoma (by 2 times) and 
breast carcinoma (by 1.5 times). According to data, the risk of developing 
colon carcinoma and kidney carcinoma is associated with the missense mu- 
tation (11571), the risk of breast carcinoma, thyroid carcinoma and prostate 
carcinoma is associated with both variants of the mutation in the mentioned 
gene. 


Germline heterozygous mutations in PALB2 gene is a autosomal domi- 
nant disorder associated with a high risk of breast carcinoma in addition to 
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pancreatic carcinoma (see page 378). This gene is also one of the main 
genes, inherited mutations in which are one of the causes of hereditary 
breast carcinoma in men. According to data, 7% of cases of hereditary 
breast carcinoma develop due to germline heterozygous mutation in the 
PALB2 gene. The risk of developing breast carcinoma is increased by 5-9 
times in individuals with these mutations (8-9 times at age 20-39 years, 6-8 
times at age 40-60 years, and 5 times at age >60 years). In other words, 14% 
of women with germline heterozygous mutations in PALB2 gene develop 
breast carcinoma by age SO years, 35% by age 70 years; the risk is lower 
compared with those related to germline heterozygous mutations in BRCA 
genes. 2-3% of cases of bilateral breast carcinoma are associated with 
germline heterozygous mutations in PALB2 gene. Breast carcinoma associ- 
ated with germline heterozygous mutations in PALB2 gene mostly demon- 
strates ER-positivity. 


‘The prevalence of PALB? gene mutation reaches 1.2-3.4% of the population in Europe, 
less often in Asia. In Japan, a heterozygous mutation in the PALB? gene is found in 
0.35% of the population A mutation in this gene poses a moderate risk for developing 
‘breast carcinoma. The PALB2 protein, in conjunction with the BRCAI and BRCA2 pro- 
teins, forms the BRCAI-PALB2-BRCA2 complex, which is involved in the repair of 
DNA double-strand breaks. It should be noted that double-strand breaks are the most le- 
thal form of DNA damage. 


Breast carcinoma cases that develop due to mutations in genes (BRCAJ, BRCA2, 
PALB2 ancl ATM) normally involved in the DNA double-strand break repair (homologous 


paired when the genes associated with homologous recombination are mutated, 

Germline heterozygous mutations in some other genes, including BRIP 1 
(17q23.2), RADSI (15q15.1), RADSO (5q31.1), BARD! (2435). MRELIA 
(11q21), NBN (8q21.3) and PARK2 (6425-27) are also associated witl 
1,5-2.5-fold increased risk of developing breast carcinoma. 


Conditions associating with an increased risk of breast carcinoma 

Some conditions are associated with an increased risk of developing 
breast carcinoma, Some of them may have common etiologic factors, in- 
cluding hereditary disorders. 

Breast carcinoma risk increases with age: 75% of breast carcinoma cases 
are detected in postmenopausal period. 
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Women with a dense breast have 
a higher risk of breast carcinoma, 4 
categories of breast density are dis- 
tinguished on the basis of the per 
centage of glandular tissue (Figure 
18.13). Dense mammary gland indi- 
cates that the glandular tissue is well 
developed, which incre: 
of developing breast carcinoma. The 
risk of developing breast carcinoma 
is 4-6-fold higher in women with the 
highest breast density compared to 
those with the lowest breast density 
‘The risk of breast carcinoma is 
60-80% higher in women with high 
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Figure 18.13. Appearance of mammograms 
based on gross density categories (BI- 
RADS 3rd edition). From left: entirely fat, 
scattered fibroglandular, heterogeneously 
dense, and extremely dense, Kwan-Hoong 
Ng. Lau S. Mammographic breast density 
and ils clinical applications Medical Phys- 
‘ies, 2015, 42: 7059-7077. Available under 
the CC BY 3.0 license, 


hone density, which is associated 
with a longer estrogen activity, and the relationship can be explained by this, 
factor. 

The risk of developing breast carcinoma is 7-11% higher for every 5 cm 
increase in height in postmenopausal women. There is no reasonable expla- 
nation to this association, but growth is likely to be a marker of exposure to 
those factors (most likely hormonal), which can affect the development of 
breast carcinoma as well. 

Sedentary life is associated with an increased risk of developing breast 
carcinoma due to associated higher BMI (see above). 

‘The risk of developing breast carcinoma is 10-23% higher in women 
(postmenopausal) and 20% higher in men with diabetes mellitus type 2 
compared to representatives of corresponding sexes without this disease, 

History of Hodgkin lymphoma is associated with an increased risk of de- 
veloping breast carcinoma, which explained by received radiation therapy. 

History of autoimmune thyroiditis is associated with a 3-fold increased 

isk of developing breast carcinoma compared to the general population, 
Family history of ataxia telangiectasia is associated with an increased 
risk of developing breast carcinoma. This association is explained by most 
likely presence of heterozygous mutation in ATM gene in family members, 
which is associated with a 2-S-fold increase in the risk of breast carcinoma, 


CARCINOG 


Breast carcinoma arises through a cascade of molecular (genetic, epige- 
netic) alterations at the cell level. These alterations confer a property of un- 
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controlled growth and immortality to the epithelial cells of the breast. Estro- 
gen exposure is the major cause of molecular-genetic alterations in mamma- 
ry gland cells, Estrogen receptor (ER) and progesterone receptor (PR) are 
involved in the activation and deactivation of certain genes that participate 
in controlling cell division. Activation of ER without PR-activation pro- 
motes faster cell growth. In other words, signals, transmitted via activation 
of PR change the character and effect of signals transmitted by ER. 

Moreover, studies demonstrated that estrogens and their catechol metabo- 
lites are carcinogens in various tissues, including uterus, mammary glands, 
liver, and kidney. 


PATHOMORPHOLOGY 


Breast carcinoma is divided into carcinoma in situ and invasive carcino- 
ma, Carcinoma in situ represents the early event in carcinogenesis without 
invasion beyond the basement membrane. Carcinoma in situ is divided into 
two types: 

* Ductal carcinoma in situ (DCIS) constitutes approximately 85% of cases 
of breast carcinoma in situ. This may involve small area or large area of 
the mammary gland. DCIS is divided into comedo (i... cribriform, mi- 
cropapillary, and solid) and noncomedo subtypes. Comedo subtype is 
characterized by a more unfavorable prognosis compared to noncomedo 
subtype. DCIS can progress to invasive ductal carcinoma over time. 
DCIS is not palpable and usually detected on mammography; 

* Lobular carcinoma in situ (LCIS) constitutes nearly 15% of cases of 
breast carcinoma in siti. Over the past three decades the rate of LCIS has 
doubled. The peak incidence is in women aged 40-50 years. LCIS is di- 
vided into 2 subtypes: classic and pleomorphic. These lesions are not 
palpable, and rarely visualized on mammography and usually detected on 
pathologic examination of biopsy samples. Classic LCIS is not aggres- 
sive, but pleomorphic subtype behaves like DCIS and can progress to in- 
vasive lobular carcinoma, 

It should be noted that the distinction of breast carcinoma in situ is pri- 
marily based upon on growth pattern and cytological features of the lesions, 
rather than their anatomic location within the terminal duct lobular unit. 

As carcinoma in situ progress over time, invasive breast carcinoma o¢- 
curs. Grossly (clinically), breast carcinoma can appear as a nodule, mass or 
inflammatory. 

Inflammatory breast carcinoma is an aggressive, fast-growing and fre- 
quently fatal malignancy. In Wester countries, inflammatory breast earci- 
noma accounts for 1-2% of all breast carcinoma cases, in Northem Africa 
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(as Well as in some other parts of the world) it is seen much more frequently 
for unknown reason, It tends to occur at a younger age. Cancer cells block 
the lymphatics in the skin of the breast because of that the breast appears 
inflamed (like mastitis) with thickened skin, resembling orange peel. Usual- 
ly, no tumor mass is palpated in the breast because cancer in those cases is 
dispersed throughout the affected breast. The involved axillary lymph nodes 
are palpated like hard lumps. This clinicopathological variant of breast car- 
cinoma is more likely to be ER-negative and PR-negative, and HER2- 
positive (see below 

Invasive breast carcinoma includes the following most common histolog- 
ical subtypes: 
*  Infiltrating ductal carcinoma is the most commonly (75%) seen breast 

carcinoma, This subtype of breast carcinoma has a propensity to metasta- 

size via lymphatic 

* Infiltrative lobular carcinoma comprises fewer than 15% of invasive 
breast carcinoma cases. 

Rare subtypes of invasive breast carcinoma include the following histo- 
logical variants, which are characterized by a much better prognosis com- 
pared to the other most common subtypes: 

* Mucinous (colloid) carcinoma accounts for fewer than 5% of invasive 
breast carcinoma cases. This subtype of breast carcinoma tends to devel- 
op in older women and to be slow growing: 

* Medullary carcinoma is observed in fewer than 5% of invasive breast 
carcinoma cases; 

* Tubular carcinoma accounts for 1-2% of all breast carcinoma cases; 

* Papillary carcinoma comprises approximately 1-2% of all invasive car- 
cinoma cases and most commonly seen in women aged >60 year 

* Metaplastic carcinoma of the breast accounts for fewer than 1% of inva- 
sive breast carcinoma cases. This subtype of breast carcinoma tends to 
occur in older women and has a higher incidence in black women. 
Mammary Paget disease (or Paget disease of the nipple) is an unusual 

form of ductal carcinoma (non-invasive or invasive) that occur in the skin 

over the nipple or areola (extending from the orifice of lactiferous ducts or 
as an island), appearing as a skin lesion (e.g.. an eczematous or psoriaform 
lesion). This disease must not be confused with the metabolic bone disease 
also called Paget's disease (see page 623). Paget disease of the nipple com- 
prises 1-4% of all breast carcinoma cases and has a peak incidence in the 
sixth decade of life (mean age, 57 years). Characteristic malignant cells (ad- 
enocarcinoma cells) are present in the epidermis, which is normally com- 
posed of squamous cells. The cytological and immunohistochemical fea- 
tures of these cells are consistent with ductal carcinoma of the breast. There- 
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fore, women with Paget disease of the nipple usually have underlying ductal 
carcinoma of the breast (in situ or invasive) in 75% of the cases. It should be 
noted that Paget disease (not related to breast carcinoma) can also develop 
in extramammary site, particularly as a perianal Paget disease. In the latter 
cases, the adenocarcinoma cells in the epidermis of perianal area are related 
to and consistent with rectal adenocarcinoma. 

Breast carcinoma is also divided into 4 main breast carcinoma subtypes 
on the basis of receptor profiling (ER, PR, and HER2) that reflects the dis- 
tinct genetic and epigenetic alterations: 

* Luminal A is the most common subtype characterized by ER-positivity 
and/or PR-positivity, and HER2-negativity. This subtype of breast carci- 
noma is associated with older age and most commonly demonstrates 
lower histological grade. Luminal A subtype of breast carcinoma is less 
aggressive, hormone responsive and characterized by favorable progno- 
sis; 

* Luminal B is the next common subtype of breast carcinoma characterized 
by ER-positivity and/or PR-positivity (frequently also ER-positivity and 
PR-negativity) and HER2-positivity. This subtype of breast carcinoma is 
commonly associated with postmenopausal age and mostly exhibits low- 
er histological grade. The prognosis of Luminal B subtype is worse than 
that of Luminal A; 

* Basal-like subtype of breast carcinoma is triple negative (ER-, PR- 
HER2-negative) and EGFR-positive. This subtype of breast carcinoma i 
commonly associated with premenopausal age (most commonly in Afri- 
can Americans) and mostly demonstrates high histological grade and 
high mitotic rate, Basal-like breast carcinoma is very aggressive subtype 
and characterized by unfavorable prognosis; 

* HER2-positive (ER-negative) subtype of breast carcinoma is the least 
common variant and is usually associated with premenopausal age (most 
commonly in African Americans), and mostly demonstrates high histo- 
logical grade and high mitotic rate. This subtype of breast carcinoma is 
highly aggressive and characterized by an unfavorable prognosis; the 
outcome can be improved with use of HER2 inhibitors. 

Breast carcinoma starts as a local disease, but it can metastasize via lym- 
phaties to the lymph nodes (mostly axillary, rarely infraclavicular, supracla- 
vicular, internal mammary) and via the bloodstream to the distant organs 
(bone, lung, liver, brain, in descending order) over time. Most patients have 
lymph node or distant organ metastasis at initial presentation (synchronous 
metastasis). Metastasis can also occur later, long time after radical-intent 
treatment (metachronous metastasis). Even, nearly 30% of women diag- 
nosed with early-stage breast carcinoma will develop metastasis during their 
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-ases, multiple organs can be involved. It 
should be noted that invasive lobular carcinoma of the breast tends to have a 
significantly different pattern of metastasis. Approximately 70% of patients 
With invasive lobular carcinoma develop peritoneal metastasis, 


Staging of breast carcinoma 
‘TNM staging of breast carcinoma is detailed on page 682. 


CLINICAL PRI 


TION 


Barly-stage breast carcinoma may be asymptomatic and not palpable, 
particularly if it detected during breast-screening program. Larger tumors 
may appear as a painless lump. Pain and discomfort are not common symp- 
toms of breast carcinoma (only 5% of the patients can feel pain). 

If a tumor mass is palpated, the following concomitant signs may raise 
concem and indicate possible breast carcinoma: 

* Change in breast size and shape (due to tumor mass or edema); 

* Skin changes (skin dimples, edema, appearance of “orange peel", 
tethering, ulceration); 

* Nipple abnormalities (nipple inversion, skin changes on the nipple); 

* Ipsilateral (unilateral) duct discharge, particularly bloody discharge (is 
the clinical sign of major lactiferous duct involvement); 

* Axillary lump (is the clinical sign of axillary lymph node metastasis). 


kin 


DIAGNOSTICS 


Clinical examination (history taking, inspection, palpation) provides val- 
uuable information for diagnosis of breast carcinoma. On the history-taking 
phase of clinical examination, history of certain malignant tumors, which 
are parts of the oncologic spectrum of some hereditary disorders that are as- 
sociated with an increased risk of breast carcinoma, make a sense for deter 
mining its association with hereditary disorders. Family history of breast 
carcinoma or ovarian carcinoma (in a first-degree relative) also has a great 
importance for this purpose. 

‘To detect subtle changes in the breast contour and skin, physical exami- 
nation must include assessment of the breasts in upright position of the pa- 
tient with arms raised. The nature of a palpable mass is frequently difficult 
to determine clinically, but the following features should be interpreted in 
favor of carcinoma: focal nodularity, hard density, irregular contour, fixa- 
tion of the lump to the skin or muscle. A complete clinical examination of 
the patient having possible breast carcinoma also includes palpation of axil- 
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Figure 18.14, Mammographic view of breast carcinoma. A — palpable carcinoma of the 
right breast (T2NO) appearing as a mass in a 64-year-old woman (arrow); B — nonpalpa- 
ble breast carcinoms appearing 2s microcalcifications (arrow) in a 67-year old woman. 


ae and supraclavicular fossae for assessment of regional lymph nodes (axil- 
lary and supraclavicular lymph nodes). The clinician should be alert also to 
symptoms that may be signs of distant metastasis (bone pain, breathing dif 
ficulties, abdominal distention, jaundice, localizing neurologic signs, head- 
ache, ete.). 

Breast carcinoma is frequently first found as an abnormality on screening 
mammography in women who do not have any symptoms of breast disease. 
Mammographic features suggestive of breast carcinoma include a mass, mi- 
crocalcifications, asymmetry, and architectural distortion (Figure 18.14). If 
any of these features are identified, diagnostic mammography along with 
ultrasonography should be performed before biopsy samples are obtained. 

After detecting a lump in the breast on palpation, the mass must be as- 
sessed objectively and visualized. For this purpose, imaging studies should 
be performed. D ammography is an initial study for symptomatic 
women aged >35 years and for microcaleification; ultrasonography is also 
tion conducted for palpable breast lumps. Both diagnostic 
modalities have a high sensitivity and specificity in assessment of palpable 
breast masses, 

In some cases, breast MRI may be warranted: in cases of scarred breast, 
multifocal lesions, and borderline lesions for assessing possibility of breast 
conservation (Figure 18.15). MRI may also be an important diagnostic tool 
for assessing response to chemotherapy in cases of locally advanced breast 
carcinoma. Although MRI has a high sensitivity in detecting breast lesions, 
that is characterized by moderate specificity for breast carcinoma. 
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Figure 18.15, MRI results in @ 46-year-old woman at high risk for breast carcinoma, Sag 
ital pre-contrast T2\VI (a), post-contrast T1WI (b) of linear focus of enhancement in the 
left breast at six clclock (arrow). The lesion was not detected on mammography and 
screening US, Pathology proved infiltrating ductal carcinoma. Lehman CD, Schnall MD 
Imaging in breast cancer: Magnetic resonance imaging. Breast Cancer Res, 2005, 7-215. 
Available under the CC BY 4.0 license. 

PET-CT scan can identify axillary and non-axillary (¢.g., internal mam- 
mary, supraclavicular) pathological lymph nodes following histopathologi 
confirmation of breast carcinoma. PET-CT can also be helpful in cases 
of scarred breast and multifocal lesions. This diagnostic modality is helpful 
and informative for clinically staging locally advanced and inflammatory 
breast carcinoma cases and restaging high-risk cases for local and distant 
metastasis. PET-CT scan has very high sensitivity and specificity in as- 

sing breast carcinoma, 

Ultrasound-guided large-gauge core-needle biopsy from primary tumor is 
the recommended diagnostic approach for firstly diagnosed breast lesions. 
Core biopsy provides accurate pathologic diagnosis with minimizing the 
need for surgery (and subsequent scarring). In patients with clinically and 
radiologically suspected involvement of axillary lymph nodes, cytological 
or histopathological evaluation of those nodes are required 

Open excisional biopsy has been shown to be associated with an in- 
creased rate of positive margins. Excisional biopsy should be reserved for 
lesions with ambiguous diagnosis after imaging studies and core biopsy, and 
for unequivocal benign lesions that the patients want to have removed. 

On pathological examination of excisional biopsy samples, the following 
features should be assessed for planning the most effective treatment strate- 
gy: the size of the tumor, the status of surgical margin, ER/PR-status of the 
tumor, histological grade, proliferation index (Ki67), vascular invasion, tu- 
mor necrosis, quantity of intraductal component, and HER2-status. Where 
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excisional biopsy specimens are negative for ER/PR and HER2, retesting 
the surgical specimen is recommended. 

On the whole, ductal and lobular carcinomas, either invasive or in 
situ can be distinguished in hematoxylin-eosin-stained sections. In cases of 
breast carcinomas with non-specifi 


lobular carcinomas (>90%) lack expr 
differences in CK expression may also be assessed: high-molecular-weight 
CK (clone 34BE12) is usually expressed by lobular carcinomas, but is ab- 
sent or expressed at low levels in most DCIS cases. In the same context, 
CK8 is stained in ductal carcinoma cells in the peripheral cytoplasm, while 
perinuclear staining is characteristic of lobular carcinoma 

In cases of inflammatory or locally advanced breast carcinoma with clin- 
ically positive axillary lymph nodes, a core biopsy should be performed be- 
fore initiating chemotherapy. In patients with clinically and radiologically 
axillary negative nodes, sentinel lymph node (SLN) biopsy may be carried 
out before chemotherapy is started, or else can be postponed until neoadju- 
vant therapy is completed. Nevertheless, theoretically it can be preferable to 
determine SLN up front, because neoadjuvant chemotherapy might eradi- 
cate lymphatic metastasis and lead to false-negative results in cases of de~ 
layed sentinel lymph node biops 

In patients with pathologically verified breast carcinoma, distant organs 
should be assessed for possible metastatic disease irrespective of T stage of 
tumor. The lungs and liver should be examined routinely (by chest radiog- 
raphy and abdominal US, respectively), Bone scan is indicated in cases of 
localized bone pain or alkaline phosphatase (ALP) elevation, Abdominal CT 
sean (with or without pelvic scanning) with contrast, or contrast-enhanced 
MRI is indicated in cases of elevated ALP, abnormal liver function tests, 
abdominal symptoms, or abnormal physical examination of the abdomen or 
pelvis. Chest CT scan is performed in patients with pulmonary symptoms 
(breathing difficulty, constant dry cough, chest pain, etc.), Abdominal and 
thoracic CTT scan can also be considered in patients with large tumors, posi- 
tive axillary lymph nodes, and aggressive biology of tumor, PET-CT can be 
used to evaluate high-risk patients and those with locally advanced or in- 
flammatory diseases. It should not be used for staging local or locoregional 
disease. 

Once breast carcinoma is diagnosed, pretreatment (preanesthesia) evalua- 
tion includes complete blood cell count, comprehensive metabolic panel, 
and ECG, which assist in determining optimal therapy. 
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Histopathologic examination of surgical specimen (resectate) determines 
the histologic type of carcinoma, its degree of differentiation, T-stage, 
ER/PR/HER2 status and assess the surgical margins, removed lymph nodes, 
Which are important for final pathologic staging and planning further treat- 
ment, 


TREATMENT 


Surgical treatment 


‘Treatment strategy of breast carcinoma primarily depends on the stage of 
the tumor. Surgery is the primary treatment of early-stage breast carcinoma. 
Many patients with breast carcinoma in this stage can be cured with surgery 
alone. The goals of the surgery include complete removing of the tumor 
(with axillary lymph nodes) with providing negative margins, and patholog- 
ically staging the tumor (via pathological examination of the tumor and axil- 
lary lymph nodes) in conjunction with ensuring the maximal degree of 
breast preservation with a minimum risk of local recurrence. 

Surgical treatment of breast carcinoma may consist of lumpectomy or 
radical mastectomy depending on the clinical stage of the tumor. In cases of 
negative axillary lymph nodes, surgery should include sentinel lymph node 
(SLN) dissection for more precise pathological staging (in terms of N cate- 
gory) and providing better radicalism of surgery as wel 

During lumpectomy, negative margins should be achieved; wider margin 
widths do not lower the local recurrence rate significantly. Positive margins 
are associated with a 2-fold increased risk for ipsilateral breast carcinoma 
recurrence, Classic LCIS at the margin is not an indication for re-excision 
(is not clear for pleomorhic LCIS). Young age is associated with a higher 
risk of local recurrence of tumor following breast-preserving surgery (higher 
local recurrence on the chest wall after mastectomy is also observed in 
young patients). An extensive intraductal component of the tumor is associ- 
ated with larger DCIS burden following lumpectomy, which predicts higher 
risk for ipsilateral breast carcinoma recurrence. 

Although, treatment options for LCIS include also observation (close fol- 
low-up care), bilateral mastectomy (with or without reconstruction) is also 
frequently performed. There is no evidence of therapeutic benefit derived 
from local excision and axillary lymph node dissection in cases of LCIS (as 
well as radiation therapy and chemotherapy) 

Currently, the standard treatment approach for DCIS is surgical resection 
(with or without radiation therapy). In the United States, approximately two 
thirds of the patients with DCIS are treated by breast-preserving surgery 
(half of them receives adjuvant whole breast radiotherapy) and nearly one 
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third with mastectomy (with or without reconstruction). Key recommenda- 
tions derived from guidelines that address breast-preserving surgery for 
DCIS include: positive resection margins are associated with a significant 
increase of the risk for ipsilateral breast carcinoma recurrence, and this i 
creased risk cannot be nullified by whole breast radiation therapy (WBR 
more widely clear resection margins (>2 mm) do not significantly reduce 
the risk for ipsilateral breast carcinoma recurrence: negative margins <2 mm 
alone are not an indication for mastectomy. 

According to guidelines, indications f 
node dissection) includes the following eas. 
* Responders to neoadjuvant chemotherapy 
* Inflammatory breast carcinoma: 

* Multicentric disease, located in more than one quadrant that cannot be 
removed through a single incision with negative resection mat 
A positive resection margin after re 
Diffuse malignant-appearing microe: 
Radiation therapy is contraindicated by pregnane’ 
Prior radiation therapy to the breast or chest wall; 
Premenopausal breast carcinoma associated with hereditary BRCA1/2 
mutations; 

‘Tumor greater than 5.0 cm in size (relative indication); 

Focally positive resection margin (relative indication). 


mastectomy (with axillary lymph 


Radiation therapy 


Adjuvant treatment of breast carcinoma is employed to prevent the risk 
of locoregional recurrence and to treat the possible micrometastasis. For 
these purposes, radiation therapy and chemotherapy is used. 

‘The purpose of radiation therapy following breast-preserving surgery is 
to eradicate local subclinical residual disease, and thus, to reduce the risk for 
local recurrence. This strategy has a potential to reduce the local recurrence 
rate by approximately 75%. Radiation therapy following lumpectomy is de- 
livered by 2 ways: conventional extemal-beam radiation therapy (EBRT) 
and partial-breast irradiation (PBI). 

A radiation dose of 50-35 Gy is delivered to the breast during EBRT as a 
WRRTT after lumpectomy for early-stage breast carcinoma, WBRTT at the 
same dose is also recommended in cases of DCIS, and reduces the risk for 
local recurrence by approximately 60%. It should be noted that nearly 50% 
of the cases of local recurrence are invasive carcinoma. WBRT is especially 
recommended for patients with the following unfavorable risk factors: age 
<50 years; grade 3 tumor: vascular invasion; positive resection margins. 
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PBI is employed in patients with early-stage breast carcinoma following 
breast-preserving surgery in order to deliver larger fraction of dose with 
lower risk of late side effects. By this approach, radiation dose is delivered 
to the breast by 2 ways: interstitial brachytherapy (multiple fine catheters 
are inserted into the breast) and intracavitary brachytherapy (a balloon cath- 
eter is placed into the lumpectomy site). PBI is typically administered twice 
daily for 5 days. PBI may be considered for patients with a low risk of local 
recurrence. Some selection criteria are recommended for PBI: age >50 

ears; non-lobular breast carcinoma (all invasive subtypes or DCIS); tumor 
3.0 cm; negative lymph nodes; no extensive intraductal component or 
vascular invasion; no inherited mutations. Radiation therapy following lum- 
pectomy for breast carcinoma can also be administered as a single-dose ra- 
diotherapy (during or soon after surgery) that is considered alternative to 
EBRT in selected patients with a low risk for local recurrence, Axillary ra- 
diation therapy is shown to be effective in patients with positive SLN com- 
pared to axillary LND. 

Radiation therapy after mastectomy is used according to the following 
criteria: positive margins after mastectomy; primary tumor >5.0 em (T3-T4 
tumors) independent of nodal status; involvement of >4 lymph nodes. In 
cases of >4 lymph nodes involvement, prophylactic axillary and supracla- 
vicular irradiation at doses of 45-60 Gy should be administered, In axillary 
node-negative cases (following axillary LND), axillary radiation therapy is 
not recommended. The benefit of radiation therapy in patients with 1-3 posi 
tive axillary lymph nodes is uncertain. Radiation therapy after mastectomy 
targeted the mastectomy site and axillary region significantly decreases the 
rate of locoregional relapse and breast cancer-related mortality rate. 


Chemotherapy 


Adjuvant chemotherapy is intended to treat the systemic micrometastasis 
and thereby, to reduce breast cancer-related mortality. According to data 
from studies, a 35-70% reduction in mortality is attributable to adjuvant 
therapy. 

In patients with early-stage breast carcinoma, tumor gene-expression as- 
says can be used (>20-gene assay is commercially available) to assess the 
degree of the recurrence risk and thereby, the potential benefit of adjuvant 
chemotherapy. On the basis of this assay, the recurrence score is calculated, 
and the cases with high score (>26) is predictive of the need of adjuvant 
chemotherapy and its benefit. 

‘The most frequently used neoadjuvant and adjuvant chemotherapy regi- 
mens contain anthracyclines and/or taxanes, although CMF (cyclophospha- 
mide/methotrexate/fluorouracil) may also be used in selected patients: 4 cy- 
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cles of doxorubicin and cyclophosphamide are considered to be equivalent 
to 6 cycles of CMF. After administration of 4-8 cycles of anthracyclines 
and/or taxanes no additional chemotherapy should be given in the adjuvant 
setting (with a possible exception of single agent capecitabine in patients 
With triple-negative breast carcinoma who have not achieved pathological 
complete response). Taxane-based regimens, such as docet- 
axel/cyclophosphamide (4 cycles) may be an alternative for selected pa- 
tients, for those who are at risk of cardiac complications. The routine use of 
platinum compounds is not recommended in the adjuvant setting; platinum 
based chemotherapy is acceptable in cases with BRCA//2 mutations. ‘The 
chemotherapy is usually administered for 12-24 weeks (4-8 cycles). 

‘According to data from studies, adjuvant therapy with bisphosphonates 
may prevent local recurrence, distant metastasis and bone metastasis, and 
breast cancer mortality by roughly 20-30% in postmenopausal women with 
breast carcinoma. This effect was no apparent in premenopausal women, 

Metastases are responsible for 90% of cases of breast carcinoma-related 
death. They can occur so swift needing aggressive treatment. In patients 
with life-threatening disease or severe systemic symptoms, combinations of 
cytotoxic agents may be more recommended due to their high response rate 
and early clinical benefit. Cytotoxic chemotherapy combined with targeted 
therapy may provide more clinical effect. Cytotoxic chemotherapy can be 
used as a combination of capecitabine docetaxel, or capecitabine/paclitaxel, 
or capecitabine‘navelbine, or —gemeitabine’paclitaxel, or car- 
boplatin paclitaxel, or carboplatin/docetaxel. 

In patients with metachronous metastatic (recurrent) disease, choice of 
cytotoxic agents for chemotherapy is highly influenced by a history of pre- 
vious adjuvant chemotherapy regimen. Most of the patients with recurrent 
disease have been received both an anthracycline (doxorubicin) and a taxane 
(docetaxel or paclitaxel). If doxorubicin is used as a component of adjuvant 
chemotherapy, there is a high risk of tumor cells resistance to this drug. In 
addition, there is a correlation between cumulative lifetime total dose of 
doxorubicin and potentially lethal cardiomyopathy. It is important to ascer- 
tain that at least 1 year has passed since the completion of adjuvant chemo- 
therapy; in these cases, the relapsed tumor is likely to respond to a previous- 
ly agent as though that drug has never been used, Treatment of recurrent 
breast carcinoma in patients received adjuvant therapy with this agent may 
be difficult as well because of residual toxicity. Taxanes are not cardiotoxic, 
but they can produce chronic neuropathy (particularly paclitaxel) or edema 
(particularly docetaxel) due to that further administration can be problemat- 
ic. Depending on the character of toxicity, taxane can be substituted for an- 
other. In addition, the same taxane can be administered with changing of 
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the schedule; more than one third of breast carcinoma cases with taxane re- 
sistance (due to every-3-week administration) demonstrate response when 
the same drug is administered weekly at a lower dose. It should be noted 
that weekly administered paclitaxel demonstrates higher response rate and 
longer median time to progression compared to every-3-week administra- 
tion in patients with metastatic breast carcinoma. 

In addition to taxanes, a variety of other chemotherapeutic agents (cape- 
citabine, gemeitabine) can be used (as a single agent or in combination with 
taxanes). Capecitabine (oral administered antimetabolite) used as a single 
agent therapy is associated with minimal toxicity, but combined with tax- 
anes demonstrates more median survival benefit. Gemcitabine (another an- 
netabolite) is typically administered with paclitaxel, and this combination 
yields higher overall survival compared with that following paclitaxel thera- 


Hormone therapy 


Hormone therapy is indicated in all patients with detectable ER expres- 
sion (1% of invasive cancer cells) irrespective of the stage of breast carci- 
noma, the use of chemotherapy and/or targeted therapy. Endocrine therapy 
with tamoxifen (or raloxifene) or aromatase inhibitors (anastrozole, letro- 
zole) is considered for the majority of patients with DCIS. It should be not- 
ed that tamoxifen is the more recommended hormone therapy in patients 
with DCIS treated with breast-preserving surgery and radiation. Adjuvant 
therapy administered for ER-positive DCIS not only decreases the risk for 
recurrence of the carcinoma in the ipsilateral breast, this also reduces the 
risk of developing contralateral breast carcinoma in women who carry 
germline heterozygous BRCA/ and BRCA2 mutations. Tamoxifen can also 
reduce the risk of developing invasive breast carcinoma (by 50-60%) in 
women with LCIS. 

In post-menopausal patients, preoperative endocrine therapy is usually 
given for 4-8 months, or until maximum response is achieved, and contin- 
ued postoperatively. Patients with ER-positive/HER2-negative tumors are 
less responsive to chemotherapy compared to those with ER- 
negative/HER2-positive tumors; therefore, they may benefit from primary 
endocrine therapy in neoadjuvant setting. Aromatase inhibitors are more 
effective compared with tamoxifen in decreasing tumor size. 

Hormonal therapy is also one of the two options for treatment of meta- 
static breast carcinoma. Despite the significant improvement in the treat- 
ment of early-stage breast carcinoma, the rate of recurrence and metastasis 
remains to be substantial, In addition, 5-10°% of women have distant metas- 
tasis at initial diagnosis. Although treatment options for metastatic breast 
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carcinoma keeps on to improve, the cure is almost impossible once distant 
metastasis developed. With exclusion of particular cases where surgical 
treatment for radical-intent (for isolated recurrence) or radiation treatment 
for palliation at a specific site (e.g., brain metastasis) is used, recurrent and 
metastatic breast carcinoma should be managed systematically; systematic 
approach confer effect in all sites of the disease. 

In patients with ER-positive and/or PR-positive breast carcinoma without 
life-threatening massive metastasis or systemic symptoms, hormone therapy 
should be the first treatment of choice. Response rate can be higher when 
combined with chemotherapy, but this approach may be associated with 
dangerous toxicity without evidences of longer survival. For this purpose, in 
menopausal women, selective estrogen receptor modulator (tamoxifen 20 
mg/day, PO), or aromatase inhibitor (anastrozole 1 mg/day, or letrozole 2.5 
mg/day, or exemestane 25 mg/day, PO), or selective estrogen receptor 
downregulator (fulvestrant 500 mg on days 1. 15, 29, and monthly thereat 
ter, IM), or synthetic progesterone (megestrol acetate 40 mg 4 times a day, 
PO) are valid options. Aromatase inhibitors can be used upfront, or after 2-3 
years of tamoxifen administration, or as an extended adjuvant therapy after 
5 years of tamoxifen use. There is no benefit from routine use of aromatase 
inhibitor more than 5 years. Caution should be exercised when administer- 
ing tamoxifen in patients with endometrial hyperplasia. It should be noted 
that adequate calcium and vitamin D3 intake is essential in patients under- 
gone ovarian suppression and/or being treated with aromatase inhibitor 
(bone mineral density should be assessed periodically as well). 

In premenopausal women, tamoxifen 20 mg/day for 5-20 years is stand- 
atients becoming post-menopausal during the first 5 years of tamoxi- 
fen use can switch on to aromatase inhibitor. Other options include daily use 
of aromatase inhibitors (see above) combined with synthetic analog of lute~ 
inizing hormone-releasing hormone (leuprolide 7.5 mg IM depot once every 
28 days, or 22.5 mg once every 3 months, or 30 mg once every 4 months; or 
goserelin 3.6 mg SC depot once every 28 days, or 10.8 mg once every 3 
months) or with synthetic progesterone (megestrol 40 mg 4 times a day, 
PO). Combination of ovarian suppression therapy (with synthetic analog of 
Juteinizing hormon with ER- 
positive breast carcinoma can be used as an alternative to CMF-type chemo- 
therapy. 


‘Targeted therapy 


In cases of HER2-positive inflammatory and locally advanced breast car- 
cinoma (the definition of locally advanced breast carcinoma also includes 
technically resectable large tumors, >5.0 em in size), pertuzumab combined 
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With trastuzumab (the two medicines act in a complementary manner) and 
docetaxel is approved for neoadjuvant treatment (as a first-line treatment). 
‘Trastuzumab emtansine is recommended for second-line treatment for those 

ses. It is important to note that HER2-targeted therapy is not recommend- 
ed in patients with clinical congestive heart-failure or compromised left ven- 
tricular ejection fraction. It should be noted that inflammatory breast carci- 
noma comprises 1-2%, locally advanced breast carcinoma 10-15% (in 
Westem countries) of all cases of invasive breast carcinoma. 

‘The following targeted agents can be used with cytotoxic chemotherapy 
in patients with life-threatening disease or severe systemic symptoms: CDK 
inhibitors (abemaciclib, or palbociclib, or ribociclib); PARP. inhibitor 
(olaparib, or talazopariby: HER2-receptor antagonists (pertuzumab, or 
trastuzumab), TKI of HER2 (tucatinib); Trop-2-directed antibody-drug con- 
jugate (sacituzumab govitecan); PD-L1 inhibitor (atezolizumab) 

CDK inhibitors (palbociclib or ribociclib) are used as a first-line therapy 
for ER-positive/HER2-negative metastatic breast carcinoma in combination 
with letrazole. These combinations demonstrate higher response rate and 
longer progression-free survival compared to those after letrozole therapy 
alone. 

PARP inhibitors (olaparib or talazoparib) are employed in the treatment 
of BRCA-mutated, HER2-negative breast carcinoma patients who have been 
previously treated with chemotherapeutic agents. Treatment with olaparib 
can provide longer median survival compared with that following standard 
therapy. 

VEGF inhibitor, bevacizumab was approved (in 2008. by FDA) as a 
first-line therapy for HER2-negative metastatic breast carcinoma, but offi- 
cially rescinded (in 2011, by FDA) due to greater risk of adverse effects 
(gastrointestinal perforation, stroke, hypertension, organ failure, wound- 
healing complications) and ineffectiveness. Treatment of triple-negative 
metastatic breast carcinoma (ER-/PR-/HER2-negative) with PD-L1 inhi 
tor, atezolizumab in combination with nab-paclitaxel can prolong progres- 
sion-free survival. 


PROGNOSIS 


Breast carcinoma is characterized by improved survival rate in the last 
three decades. So compared to 1990s, death rates for breast carcinoma de- 
creased by nearly 40% in the United States; in both premenopausal and 
postmenopausal women (more noticeably), 

‘The prognosis for breast carcinoma is associated with a number of fea- 
tures: patient's age: primary tumor size: histological subtypes; grade of the 
tumor, ER/PR-receptor status; HER2 expression; Iymphatic/vascular inva- 
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sion; axillary lymph node status; distant organ status; response to neoadju- 
‘vant therapy. 

AS stated earlier, the rare subtypes of invasive breast carcinoma (see 
above) are characterized by much better prognosis (excluding atypical me- 
dullary carcinoma and micropapillary ductal carcinoma) compared to the 
most common subtypes (ductal and lobular carcinomas). 

Hormone receptor-positive tumors usually have a more indolent course 
and are responsive to hormone therapy. HER2 overexpression is associated 
With a more aggressive carcinoma phenotype and poor prognosis unless 
HER?-targeted therapy is used. 

Involvement of lymph nodes are predictors of very great likelihood that 
cancer has spread to other organs. Survival and recurrence rates depend on 
the number of involved lymph nodes. 

In 70% of metastatic breast carcinoma cases, bone (vertebra, rib, pelvic 
bones, the long bones of the extremities, in descending order) is involved. 
Bone metastasis is characterized by relatively better prognosis compared to 
other sites of metastasi 


PREVENTION 


‘The risk of developing breast carcinoma can be reduced by the following 
‘measures, which can provide primary or secondary prophylaxis: 
= Elimination of factors that provides exposure to endogenous and exoge- 

nous estrogen, is one of the important measures to reduce the risk of 

breast carcinoma; 

* Physical activity, maintaining healthy body mass and not consuming al- 
cohol are capable to reduce the risk of breast carcinoma by >20%; 

* Regularly consuming foods rich in chemical compounds and microele- 
ments which have powerful antioxidant properties: S-allylcysteine (found 
mainly in fresh garlic, cruciferous vegetables); indole-3-carbinol (found 
mainly in cruciferous vegetables); carotenoids (found in foods such as 

, apple, apricot, peach, strawberry, currant, rasp- 


veloping breast carcinoma by 40% in women who are at a high risk of 
this cancer. For this purpose, in premenopausal and postmenopausal 
women, tamoxifen (20 mg/day for S years) is administered; in postmeno- 
pausal women raloxifene (60 mg/day for $ years) may also be consid- 
ered; 

* Prophylactic bilateral oophorectomy at reproductive age can be an option 
to reduce the risk of developing breast carcinoma in women with con- 
firmed hereditary heterozygous mutation in BRCA genes. This approach 
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can reduce the risk by 65%. Prophylactic bilateral oophorectomy in 
postmenopausal period cannot reduce the mentioned risk because in 
postmenopausal women, ovaries are not the source estrogen production; 

= In women with confi ine heterozygous mutations in BRCA 

CDH genes), prophylactic bilateral 
mastectomy (total or nipple-sparing) is the most effective preventive 
measure to reduce the risk of developing breast carcinoma (reduces by 
97%), The effect of this approach is much higher in younger women, and 
the benefit derived from this measure decreases with increase of age: 

* Contralateral prophylactic mastectomy can reduce the risk of carcinoma 
in the other breast in women with unilateral breast carcinoma and con- 
firmed germline heterozygous mutations in BRCA genes, as well as in 
women (with unilateral breast carcinoma) having a history of mantle 
chest radiation before age 30 years. 


Screening for breast carcinoma 


Detection of breast carcinoma at early stage is the most effective way to 
prevent life-threatening stage of this cancer. Detected at early stage breast 
carcinoma is more curable and therefore is associated with more favorable 
prognosis. 

Given the fact that the incidence of breast carcinoma is low in women 
younger than 40 years, screening for this cancer is hardly recommended for 
this age group who are at average risk of developing breast carcinoma, "Av- 
erage risk” is defined as the absence of the followings: history of breast can- 
cer or previous diagnosis of high-risk lesion; germline mutations in genes 
such as BRCAI/2 of those associated with other familial breast carcinoma 
syndromes; history of radiation therapy to the chest in childhood, 

For women aged 40 years and older who are at average risk for breast 
carcinoma, annual clinical breast exam is recommended. Annual mammog- 
raphy starting at age 40 years is also an option for this group of women, but 
is strongly recommended starting at age 45 or 50 years, according to differ- 
ent guidelines (no later than age 50 years). Mammography is typically 
ommended to discontinue at age 75 years (at age 70 years according some 
guidelines). ‘There is insufficient evidence to assess the additional benefits 
of mammography in women aged 75 years or older. 

It should be noted that approximately 10% of screening mammography 
yield false-positive results; 50% of women screened annually for 10 years” 
experience false-positive results due to that 7-17% of those undergo unnee- 
essary breast biopsy. False-positive result is mainly seen on first mammog- 
raphy; when prior mammograms are available to compare, the likelihood of 
false-positive results decreases by nearly 50%, 
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US as a screening tool has restrictions due to a number of drawbacks, in- 
cluding failure to detect microcalcifications and low specific 
Currently, it is recommended that US screening for breast carcinoma not be 
used routinely, but be reserved for special situations (e.g., for highly anxious 
patients requesting that). 

MRI is recommended as a screening tool in women with inherited 
BRCAI/2 mutations, as well as in first-degree relatives of BRCA carriers 
(but untested) due to its very high sensitivity in detecting early-stage breast 
carcinoma (99%). However, MRI is used limitedly as a general screening 
tool because of its 10-fold higher cost compared to mammography. MRI is 
contraindicated in women with extremely large breasts in addition to other 
well-known conditions. 


Follow-up for breast carcinoma survivors 


Follow-up of patients treated for breast carcinoma mainly includes: clini- 
cal examination (history taking and physical examination) annually (every 
3-6 months within 3 years afler radical-intent treatment; every 6-12 months 
within years 4-5; once a year within year 6 and thereafter), mammography 6 
months after adjuvant radiotherapy. annually thereafter; pelvic examination 
(gynecologic examination) for women on tamoxifen. 

NCCN and ASCO do not recommend routine blood test, tumor marker 
testing and imaging studies in women without clinical signs of recurrence or 
treatment-related complications. 
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EPIDEMIOLOGY AND STATISTICS 


Ovarian cancer ranked third among all gynecologic malignant tumors in 
2020 based on the number of new cases detected. In the same year, 313.959 
new cases of ovarian cancer were diagnosed globally (in 2012, about 
239,000), accounting for 1.6% of all malignancies (3.4% of all malignancies 
in women). Approximately 90% of all ovarian cancer cases are attributable 
to ovarian carcinoma. 

One out of 75-78 women (1.3-1.4%) has a lifetime risk of developing 
ovarian carcinoma, and one out of 100 (1%) women has a lifetime risk of 
death from ovarian carcinoma. 80% of ovarian carcinoma cases are detected 
in women aged >50 years (mean age. 63 years). 

‘The incidence of ovarian carcinoma is especially high in the industrial- 
ized countries, where it is seen 2-fold more frequently compared to less de- 
veloped ones. The incidence of this carcinoma is higher in white women 
compared to that in black ones (the incidence in Latino Americans and 
Asians is average). The incidence of ovarian carcinoma has a propensity to 
decline in developed countries. In the United States in 2014, the incidence 
of this cancer decreased by 29% compared to that in 1985, 

Ovarian carcinoma is a cancer with the lowest cure rate among all gyne- 
cologic carcinomas. It ranks Sth among all cases of cancer-related death in 
women. In 2020, 207.252 cases of ovarian cancer-related death were regis- 
tered globally (in 2012, about 152.000), accounting for 2.1% of all cases of 
cancer-related death in both sexes. The mean age of women dying from 
ovarian carcinoma is 70 years. Mortality rate for ovarian carcinoma have 
declined slightly over the last four decades. 


ETIOLOGIC FACTORS 
Intrinsic and environmental factors: 


Certain intrinsic (reproductive) factors (earlier menarche, no history of 
pregnancy, late maternal age at the first birth, late-onset menopause, shorter 
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period of breastfeeding, etc.) that provide exposure to excessive endogenous 
estrogen, are associated with an increased risk of developing ovarian carci- 
noma. 

Earlier menarche (<12 years) and late-onset menopause (>5S years) are 
independent factors that significantly increase the risk of developing ovarian 
carcinoma (particularly, endometrioid type). So, total menstrual lifespan 
(the number of years of ovulation) or lifetime cumulative number of ovula- 
tion (lifetime cumulative number of menstrual cycles), which are deter- 
mined by the number of years from menarche to menopause, excluding the 
period of pregnancies, are considered one of the most powerful factor asso- 
ciated with a higher risk of developing ovarian carcinoma (particularly, 
nonmucinous subtypes). It is supposed that the structural alterations accom- 
panying ovulation can also play a role in increase of ovarian carcinoma risk 
(see below), Age older than 30 years at the first birth is also an independent 
factor associating with an increased risk of ovarian carcinoma. Conversely, 
the risk of ovarian carcinoma decreases as the number of pregnancies rises. 

Exposure to exogenous estrogen due to hormone replacement therapy, 
increases the risk of developing ovarian carcinoma (particularly, endometri- 
oid type). Hormone replacement therapy with estrogen alone (without pro- 
gestins) increases this risk much higher. So compared to women who have 
never used hormone replacement therapy. women receiving (or received) 
this therapy with estrogen (for 5 years or more) have a 50-55% higher risk 
of developing ovarian carcinoma: with estrogen-progesterone a 15-20% in- 
creased risk. Approximately 1% of ovarian carcinoma cases in Wester 
countries are considered to develop due to use of hormonal replacement 
therapy. 

‘Smoking is associated with a 30-50% increase in the risk of developing 
ovarian carcinoma of certain histologic subtypes (mucinous and serous ear- 
cinomas). There is no evidence of relationship between smoking and in- 
crease in the risk for endometrioid and clear cell carcinoma of the ovary. 
Finally, 3% of ovarian carcinoma cases are attributable to smoking, 

Exposure to asbestos is one of the causes of ovarian carcinoma and asso- 
ciated with a 70-80% increase in the risk of developing this cancer. 

Exposure to tale is considered one of the probable causes of ovarian car- 
cinoma (particularly, serous and mucinous subtypes), Women who have 
used talcum powder for perianal/genital use, have a 25-35% increased risk 
of developing ovarian carcinoma. This risk is also high when talcum powder 
has been employed intraperitoneally. 

Both asbestos and tale are natural minerals that are most often found together in depos- 

its, Itis possible that tale may also contain asbestos fibers and the carcinogenicity of tale 
is related to that factor. 
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Precancerous diseases and lesions 


one of the main condi- 
iated with an increased 
risk of ovarian carcinoma, ‘The role 
of obesity in the development of 
ovarian carcinoma is related to the 
fact that androstenedione, a precur- 
sor of estradiol (the major female 
sex hormone) is converted to estro- 
gen in adipose tissue. As explained 
earlier, excess endogenous estrogen 
exposure is one of the main factors 
contributing to the development of 
ovarian carcinoma. ‘The risk of 0} 


ree 


Figure 19.1. An image illustrating the rela 
tionship between body mass and risk of 
developing ovarian cancer. 


rian carcinoma is particularly higher in women with BMI >28 kg/m’, and 
the risk increases even more as the BMI further increases (Figure 19.1), 

Endometriosis (ovarian) is an independent condition associating with a 
higher risk of ovarian carcinoma, Women with endometriosis have a 30- 
80% higher risk of developing ovarian carcinoma, especially endometrioid 
carcinoma of the ovary. It should be noted that endometrioid and clear cell 
subtypes of ovarian carcinoma (see below) are highly associated with an 
endometriosis. 


Hereditary disorders 


It is supposed that 20-25% of ovarian carcinoma cases develop due to he- 
reditary predisposition. Family history of ovarian carcinoma in one of first 
degree relatives is associated with a 4-S% increased risk of this cancer, in 
two first-degree relatives, with a 7% (for comparison, this risk is 1.3% for 
general female population). It should be noted that the cases of ovarian car- 
cinoma associated with hereditary conditions are detected 10 years ¢: 
compared with sporadic cases. Currently, at least 16 genes are known, 
germline mutations in which are associated with an increased risk of ovarian 
carcinoma, These hereditary conditions include the following disorders: 

* Hereditary breast and ovarian cancer syndrome, 

* Lynch syndrome, 

MUTYH-associated polyposis, 

Li-Fraumeni syndrome, 

Ataxia telangiectasia, 

Cowden syndrome, 

* Peutz-Jeghers syndrome, 
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* Germline heterozygous mutations in BRIP1 gene, 
+ Germline heterozygous mutations in PALB2 gene, etc. 


Hereditary breast and ovarian 

cancer syndrome is also associated 100 i i 
with an increased risk of ovarian otis 

carcinoma in addition to breast car- 
cinoma and many other carcinomas 
(see page 447). Germline heterozy- 
gous mutations in BRCAI/2 genes 
are responsible for 90-95% of cases 
of hereditary ovarian carcinoma. 35- 
7o% of women with germline heter- ename 

ozygous mutation in BRCAJ gene, Figure 192. An image comparatively illus- 
and 10-30% of women _ with ting the avrge rik of developing ora 
germline heterozygous mutation in snssfeinoma eareinona in wom 
BRCA2 gene have a lifetime risk of S2vith semline heterozygous mutations i 
developing, ovarian carcinoma (Fi 

ure 19.2). It should be noted that the increased risk of ovarian carcinoma in 
‘women with mutations in BRCA//2 genes is substantially lower in those 
who have >4 children: using (or who used) oral contraceptives: with a histo- 
ry of tubal (fallopian) ligation. Other reproductive factors are not associated 
with reduction in those females. Ovarian carcinoma associated with 
germline heterozygous mutations in BRCAJ/2 genes is most commonly to 
be high-grade serous carcinoma. 

Lynch syndrome is also associated with an increased risk of developing 
ovarian carcinoma in addition to colorectal carcinoma and many other can- 
cers (see page 406). According to data, Lynch syndrome constitutes 10-15% 
of ovarian carcinoma cases associated with hereditary disorders (ranks sec- 
ond following hereditary breast and ovarian cancer syndrome). Ovarian ear- 
cinoma is detected in 8-12% of the women with this hereditary disorder, 
‘The risk especially higher in cases of germline mutations in A/LHJ gene: 
10.4% of women with heterozygous mutation in MLA17 gene and 3.4% with 
heterozygous mutation in MSH2 gene have a lifetime risk of developing 
ovarian carcinoma. Ovarian carcinoma is detected in women with Lynch 
syndrome by 16-40 years earlier compared to sporadic cases. In more than 
20% of ovarian carcinoma cases associated with Lynch syndrome, synchro- 
nous endometrial carcinoma is also detected. Lynch syndrome is not associ- 
ated with ovarian serous carcinoma: this disorder is mostly associated with 
endometrioid and clear cell carcinoma of the ovary. In women with Lynch 
syndrome, ovarian carcinoma is detected in earlier stages and most 
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commonly to be highly/moderately differentiated. Ovarian carcinoma asso- 
ciated with Lynch syndrome is characterized by favorable prognosis (due to 
detection at earlier stage, endometrioid type of the carcinoma and low 


). 

MUTYH-associated polyposis is also associated with an increased risk of 
ovarian carcinoma in addition to colorectal, gastric, bladder and some other 
carcinomas (see page 408). The risk of developing ovarian carcinoma in- 
creases by $-17 times in women with this hereditary disorder. 

Although the main oncologic spectrum of Li-Frawmeni syndrome does 
not include ovarian carcinoma (see page 280), >10% of the malignancies 
associated with this hereditary disorder involves also ovarian carcinoma (in 
conjunction with cutaneous carcinoma, gastric carcinoma and colorectal 
carcinoma). Ovarian carcinoma in individuals with 
is detected at younger ages (mean age, 39 years). Ovarian carcinoma associ- 
ated with this syndrome is commonly serous carcinoma, 

Ataxia telangiectasia is also associated with an increased risk of ovarian 
carcinoma in addition to many other (hematolymphoid, melanocytic, epithe- 
lial) malignancies (see page 201). It has been proven that women carrying 
heterozygous mutations in ATM gene (ataxia telangiectasia occurs due to 
homozygous mutations in ATM gene) have higher risk of ovarian carcinoma 
in addition to breast carcinoma compared with noncarriers of these muta- 
tion. It is estimated that 4% of families with hereditary breast carcinoma and 
ovarian carcinoma are attributable to heterozygous mutations in ATM gene, 

In addition to other characteristic malignant tumors for Cowden syn- 
drome, ovarian carcinoma is frequently detected in affected individuals (see 
page 412). The degree of the risk of developing ovarian carcinoma is not 
clear. Ovarian carcinoma associated with Cowden syndrome is mostly de- 
tected at younger ages compared with sporadic cases, and is commonly en- 
dometrioid carcinoma. 

In addition to the main oncologic spectrum, PeutzJeghers syndrome (see 
page 403) is also associated with an increased risk of ovarian carcinoma (as 
Well as primary fallopian tube carcinoma and sex cord-stromal tumors of the 
ovary), Ovarian carcinoma associated with this syndrome is commonly mu- 
cinous carcinoma. 
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Germline heterozygous mutations in BRIP gene (7423.2) is a heredi- 
tary autosomal-dominant disorder associated with an increased risk of ovar- 
ian carcinoma, This gene encodes protein BRIP1 (BRCAL interacting pro- 
tein 1), which interacts with BRCT domain (C-terminal domain) of BRCA1 
protein. ‘This complex is important for the repair of double-stranded breaks 
in the DNA. Thus, mutation in the BR/P/ gene can ultimately disrupt the 
function of the BRCAL protein in the repair of DNA defects and its tumor 
suppressor activity, According to data, germline heterozygous mutation in 
the BRIP! gene is associated with a 5-fold increase in the risk of developing 

ian carcinoma. Nearly 5% of the ovarian carcinoma cases associated 
with hereditary predisposition is due to heterozygous mutations in the 
BRIPI gene, These mutations can also be associated with an increased risk 
of breast carcinoma. It should be noted that inherited homozygous mutations 
in the BRIP! gene result in the development of Fanconi anemia (see page 
242). 

Germline heterozygous mutations in PALB2 gene is associated with an 
increased risk of certain carcinomas (pancreatic carcinoma, breast carcino- 
ma), including ovarian carcinoma (see page 378). Germline heterozygous 
mutations in this gene can be found in up to 0.5% of cases of ovarian carci- 
noma. Approximately 2.5% of the ovarian careinoma cases associated with 
hereditary predisposition is due to heterozygous mutations in the PALB2 
gene. 

Germiline heterozygous mutations in some other genes, including CHEK2 
(22q12.1), RADSI (15q15.1), RADSIC (17422), RADSID (17q12), RADSO 
(Sq31.1), BARD! (2435), MREIIA (11q21), NBN (8q21.3) and PARK2 
(6q25-27) genes are also associated with an increased risk of ovarian carci- 
noma. 


Conditions associating with an increased risk of ovarian carcinoma 


History of breast carcinoma or endometrial carcinoma is associated with 
substantially higher risk of ovarian carcinoma. It is explained by common 
carcinogenic factors and hereditary conditions. 

Excess body mass is associated with an increased risk of ovarian carci- 
noma (see above). 

‘The risk of ovarian carcinoma is higher in women with fall statue (2180 
em) and this increased risk rises further by 7-11% for every 5 cm increase in 
height (Figure 19.3). 
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‘The risk of ovarian carcinoma is 
20-55% higher in women with dia- 
betes mellitus type 2 compared to 
women without this disorder, 

Postmenopausal age is associated 
with a higher risk of developing 
ovarian carcinoma. Ovarian carci- 
noma is rarely seen in women aged 
<40 years, 

‘The risk of ovarian carcinoma is 
higher in white women, who are fol- 
lowed by Latino Americans. The 5¢ 
lowest incidence is recorded in 
American Indians and natives of Alaska. 


CARCINOGENESIS 

Ovarian carcinoma, is a common term that refers to a heterogeneous 
group of malignant tumors arising from or involving the ovary. Ovarian car- 
cinoma demonstrates several histologic subtypes that are associated with 
distinctive risk factors and exhibits typical cytogenetic features, unique set 
of chromosomal abnormalities (and corresponding oncologic signaling 
pathways) that partly determine clinical-biologic behavior, response to 
chemotherapy, and prognosis. Ovarian carcinogenesis is a complex, poly- 
chromosomal, multistep process. Various cytogenetic events lead to cancer 
initiation, growth, and progression. 

‘The cell of origin of ovarian carcinoma is controversial. Despite the con- 
troversy about the histogenesis, it is widely believed that most cases of ovar- 
ian carcinoma arise from the ovarian surface (coelomic) epithelium; it is 
likely explained by the ability of the coelomic epithelium to undergo meta- 
plasia to mallerian epithelium. ‘The belief that the pluripotent surface meso- 
thelium differentiates into various histologic subtypes is supported by the 
so-called continuous ovulation theory, which suggests that repeated ovula- 
tion leads to trapping of mesothelium in the ovary, forming inclusion cysts. 
‘The epithelial cells lining these cysts secrete growth factors that lead to the 
development of ovarian carcinoma. It should be noted that the histomorpho- 
logic features of ovarian carcinomas resemble those of miillerian neoplasms 
rather than mesothelial tumors. The ineipience of ovarian carcinomas from 
cell rests that have already undergone millerian differentiation could ex- 
plain the manifestation of different histologic subtypes of ovarian earcino- 
‘mas that are identical to fallopian tube (serous carcinoma), endometrial (en- 
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dometrioid carcinoma), endocervical (mucinous carcinoma), and vaginal 
(clear cell carcinoma) epithelia. 

An alternative theory of histogenesis of ovarian carcinomas postulates 
that these malignant tumors arise from the so-called secondary mallerian 
tem. The secondary miillerian system consists of embryologic remnants 
of proximal mallerian ducts and is located in the ovarian hilum and adnexa. 
‘The secondary milllerian system theory readily explains the millerian mor- 
phologic features of ovarian carcinomas and the tubal origin of most here 
tary serous carcinomas, and selects sporadic high-grade serous carcinomas. 
It is important to note that low-grade serous carcinomas have also recently 
been described as likely originating from the secondary mallerian system. 
So, the recent finding that PA\'2, a member of the paired-box gene family. is, 
overexpressed in low-grade serous carcinomas (typically overexpressed in 
fallopian tube ciliated epithelia but not in normal ovarian surface epithelia) 
may indicate probable cell of origin of low-grade serous carcinomas from 
the secondary millerian system. 

‘Therefore. the recent findings suggest different models of ovarian earcin- 
ogenesis that include type I and II on the basis of pathogenetic mechanisms. 
Type I carcinomas include low-grade serous carcinoma (accounts for about 
10% of all ovarian serous carcinomas), low-grade endometrioid carcinoma, 
mucinous carcinoma and clear cell carcinoma that commonly arise from 
well-described, genetically stable precursor lesions (mostly borderline tu- 
mors) and devoid of P53 mutations. These tumors manifest as large ad- 
nexal masses with early-stage disease, and have a relatively indolent (slow 
growing) clinical course, with an overall good prognosis. The mean age at 
presentation is approximately 63 years. Low-grade serous carcinomas are 
characterized by frequent mutations in KRAS, BRAF, PTEN, CINNBI (f- 
catenin) and Erb-B2/HER-2 genes, as well as PAX? gene overexpression as 
stated above. In other words, unlike 753 mutations, which occur in 60% of 
high-grade serous carcinomas, KRAS and BRAF mutations are found in se- 
rous borderline tumors and low-grade serous carcinomas (in 60% and 70% 
of cases, respectively). In addition, coexisting benign and borderline epithe- 
lia are frequently seen in patients with low-grade serous carcinomas. Thus, 
low-grade serous carcinomas most likely arise by mode of an adenoma 
borderline carcinoma progression characterized by alterations in the 
RAS/RAF pathw: 

On the contrary. type II carcinomas that include high-grade serous carci- 
noma, high-grade endometrioid carcinoma, undifferentiated carcinoma, and 
carcinosarcoma (malignant mixed-mesodermal tumors) arise de novo from 
the adnexal epithelium, often demonstrate chromosomal instability, and 
have aggressive biologic behavior. The mean age at diagnosis is approxi- 
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mately 56 years. High-grade serous carcinomas commonly (85%) manifest 
at an advanced stage (with a resultant poor prognosis) with widespread peri- 
toneal metastases. Clinical, molecular, and genetic studies have also sup- 
ported a tubal origin for high-grade serous ovarian carcinoma, Increasing 
evidence suggests that a large proportion of high-grade serous carcinoma 
cases originates from distal fallopian tube epithelium or the tuboperitoneal 
junction rather than the ovarian surface epithelium, These carcinomas are 
characterized by 753 signature mutations, which are also found in tubal 
intraepithelial carcinomas. Indeed, some experts claim that ovarian and fal- 
lopian tube carcinomas in women with BRCA1/2 mutations are correctly 
termed adnexal carcinomas. It should be noted that serous intraepithelial or 
early invasive carcinoma has been found in up to 10% of fallopian tubes 
of BRCA1/2 mutation carriers who had undergone prophylactic bilateral sal- 
pingo-oophorectomy. High-grade serous carcinomas are characterized by a 
remarkable early sensitivity to platinum-based chemotherapy. 


PATHOMORPHOLOGY 


Three types of malignant tumors develop in the ovary. depending on the 
cell of origin: epithelial tumors (90%), sex cord-stromal tumors (7°), and 
germ cell tumors (3-7' 

Ovarian carcinoma is derived from the surface epithelium of the ovary 
(as well as the epithelium covering the fimbria of the fallopian tubes) as 
stated above. Ovarian carcinomas (all histologic subtypes) appear as partial- 
ly cystic neoplasms (with multiple cystic chambers, or loculations) with sol- 
id components. Inner surface of cystic cavities displays an abundance of pa- 
pillae that project into them. ‘The surface may be smooth or covered with 
papillary projections (due to papillae on the inner surface of the cystic 
chambers), and cyst contains fluid that ranges from straw yellow to opaque 
brown or hemorrhagic. 

Ovarian carcinoma is mostly seen in the following main histologic types: 
serous carcinoma (70-80%), endometrioid carcinoma (10-25%), mucinous 
carcinoma (5-10%), clear cell carcinoma (4-5%), and undifferentiated car- 
cinoma (4-5%). It should be noted that serous carcinoma has two subtypes: 
high grade (90-95%) and low grade (5-10%). Ovarian carcinoma can also 
show very rare histologic subtypes (transitional cell carcinoma, adenocar- 
cinoma, small cell carcinoma, et 

Different types of ovarian carcinoma have characteristic cytogenetic fea- 
tures, and demonstrate typical patterns with respect to spread and stage dis- 
tribution. Two-thirds of cases of serous carcinoma, 10-20% of mucinous 
carcinoma, 13-28% of endometrioid carcinoma and 15-20% of clear cell 
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carcinoma, nearly 50% of undifferentiated carcinoma are bilateral. Ovarian 
mucinous carcinoma cells resemble either those of endocervical epithelium 
(endocervical or milllerian type), or more frequently those of the intestinal 
epithelium (intestinal type). Endometrioid carcinoma of the ov: 
posed of cells that resemble those of the endometrium. Endometrioid car 
noma may be associated with endometriosis, or endometrial hyperplasia or 
carcinoma (25% of the cases are associated with endometrial carcinoma), 
Clear cell carcinoma of the ovary is strongly associated with infertility (65- 
70%) and endometriosis (50-70%). 

Serous and mucinous carcinomas of the ovary sometimes coincide with 
the tumors of identical type in multiple locations in the pelvis and ab- 
dominal cavity that may be difficult to establish whether they represent 
seedlings or implants originated from the ovary or de novo malignancies. 
Most cases of serous carcinoma are widely disseminated at the time of diag- 
nosis. Late extraperitoneal recurrences, particularly in the lungs, are charac- 
teristic of ovarian mucinous carcinoma. Most cases of endometrioid carci- 
noma of the ovary are confined to the ovaries and adjacent pelvic structures 
at the time of diagnosis. 60% of cases of clear cell carcinoma are detected in 
stage I disease. Approximately 70% of cases of ovarian undifferentiated 
carcinoma have extended disease beyond the pelvis at the time of diagnosis. 

Metastasis of ovarian carcinoma commonly occurs within the peritoneal 
cavity: on the peritoneal surfaces (particularly, on the omentum, undersur- 
face of the diaphragm, surface of the liver, surface of the mesentery, bowel 
serosa, paracolic gutters, cul-de-sac), and paraaortic and pelvic lymph nodes 
(sometimes groin lymph nodes are involved as well), 

Outside the peritoneal ;, ovarian carcinomas may spread to the pleu- 
ral cavities, lungs. It should be noted that the presence of pleural effusion 
does not necessarily indicate metastasis in the pleural cavity; metastasis 
must be verified cytologically. 

‘As a general rule, mucinous carcinoma has a propensity to form large 
dominant masses, while papillary serous carcinoma mostly has a more dif- 
fuse spread, Endometrioid and clear cell subtypes of ovarian carcinoma 
more commonly demonstrate local invasion, retroperitoneal spread (lym- 
phatic metastasis), and hepatic metastas 

On the whole, serous and undifferentiated carcinomas of the ovary is 
found predominantly in stages III and IV at initial diagnosis, since endome- 
trioid and clear cell carcinomas tend to remain confined to the ovary 

‘Ovarian borderline tumors, or tumors of low malignant potential, are a distinet variety’ 

of ovarian carcinoma, accounting for 20% of all ovarian malignant tumors. These tumors 
have a less aggressive clinical-biologie behavior and very favorable prognosis. The mean 
tage of the patients at diagnosis is approximately 48 years (significantly younger than in. 
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ceases of ovarian carcinoma), The ovarian borderline tumors are staged like ovarian carci- 
rnomas. 75-80% of the cases are detected in stage I (only 2% in stage IV), Ovarian tumors 
‘of low malignant potential can be asymptomatic or cause symptoms identically to ovarian 
carcinomas, 


Staging of ovarian carcinoma 
‘TNM staging of ovarian carcinoma is detailed on page 684. 


CLINICAL PRESENTATION 


Early-stage ovarian carcinoma manifests minimal nonspecific symptoms, 

or may be asymptomatic because of that most cases (70%) are detected at an 

advanced stage. On the whole, ovarian carcinoma demonstrates a wide vari- 

ety of nonspecific and vague symptoms and signs, which include the follow- 

ings: 

* Bloating (due to abdominal mass and/or concomitant ascites): 

= Abdominal discomfort (due to abdominal mass, multiple peritoneal seed- 
lings, and/or concomitant ascites); 

= Dysuria (due to pressure effect on the bladder, and/or multiple peritoneal 
seedlings on the bladder): 

* Constipation (due to pressure effect on the rectum, and/or multiple peri- 
toneal seedlings on the bowel): 

= Early satiety, indigestion and gastroesophageal reflux (due to increased 
intraabdominal pressure as a result of abdominal mass and/or concomi- 
tant ascites); 

* Shortness of breath (due to increased intraabdominal pressure resulted in 
pressure on the diaphragm from abdominal cavity); 

= Weight loss, malaise, weakness, tiredness (due to active metabolism in 
aggressive cells of the primary tumor and metastases). 

DIAGNOSTICS 

Patients with ovarian carcinoma are mostly at postmenopausal age. Se- 
rous, endometrioid, mucinous, undifferentiated types of ovarian carcinoma 
are, on average, detected in the sixth decade of life, clear cell type in the 
fifth. 

Physical findings are uncommon in patients with early-stage ovarian car- 
cinoma. On inspection, abdominal distention can be detected, which is the 
result of massive ascites. On palpation, percussion and auscultation, pelvic 
and /or abdominal mass, ascites, pleural effusion, rarely the signs of bowel 
obstruction can be observed in patients with advanced-stage disease, Bi- 
‘manual pelvic examination may believingly suspect ovarian carcinoma, 
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‘The diagnosis of advanced-stage 
ovarian carcinoma is often suspect- 
ed on the basis of clinical findings, 
but it must be confirmed by objec 
tive methods of examination (imag- 
ing studies and laboratory analyses), 
Imaging studies are essential for 
visualizing and staging the tumor. 
For these purposes, pelvic and ab- 
dominal US, pelvic and abdominal 
CT scan (or pelvic and abdominal 
MRI) are used (Figure 19.4). Pelvic 
and abdominal US is usually the 
first imaging study recommended 
for women in whom ovarian carci- 
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Figure 19.4, CT imaging of ovarian serous 
carcinoma (grade 1, stage IC) in a 57-year- 
‘old woman, a former asbestos textile factory 
‘worker, without a history of hormone re- 
placement therapy. Park S, Park J, Lee E et 
al. Ovarian cancer in a former asbestos tex- 
tile factory worker: a case report. Ann Oc- 


‘cup Environ Med, 2018: 30: 65-72. Availa- 


noma is suspected. The presence of 
ble under the CC BY 4.0 license. 


a large ovarian lesion with multiloc 
ular cysts, solid papillary projections, irregular internal septations, and asci- 
tes are highly suggestive of ovarian carcinoma. 

For excluding lung metastasis, chest radiography is used as a routine im- 
aging study. The initial diagnostic workup should also include mammogra- 
phy in patients aged >40 years (who have not had one in the preceding 6-12 
months) because breast carcinoma (particularly invasive lobular carcinoma) 
can metastasize to the ovaries (Krukenberg tumor), frequently bilaterally. 

In patients with diffuse peritoneal carcinomatosis, in cases of gastric or 
colorectal wall thickening on CT scan, upper andlor lower endoscopy 
should be performed for excluding Krukenberg tumor. 


Krukenberg tumor is a rare metastatic mucinous (signet-ring cell) carcinoma of the ova- 
ry (mostly bilateral), comprising i 
site in most of cases of Krukenberg tumor, followed by large bowel and breast. Not all 
metastatic ovarian carcinomas are referred to as Krukenberg tumor, Currently, mucin- 
secreting signet-ring cell carcinoma in the dense fibroblastic (sarcomatoid) stroma of the 
ovary is referred to as Krukenberg tumor. Krukenberg tumor accounts for 30-40% of 
metastatic cancers tothe ovaries. 

Diagnostic paracentesis with cytological examination should be per~ 
formed in patients with ascites. Fine-needle aspiration or percutaneous biop- 
sy of an adnexal mass is not routinely recommended, Instead, if ovarian car- 
cinoma is highly suspected clinically, the patient should undergo laparo- 
scopic evaluation or laparotomy, for verifying (or excluding) the diagnosis 
and staging, 

No tumor marker (CA 125, CA 19-9, LI-CAM, ete.) is specific; the re- 
sults of these tests should be evaluated in conjunction with clinical and 
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morphological findings. CA 125 level should be routinely assessed to aid 
diagnosis, However, its utility to detect early disease is questionable, as it is 
elevated only in about half of the patients with stage I disease, In advanced 
disease, CA 125 is elevated in about 85% of patients. 

Once ovarian carcinoma is diagnosed, pretreatment (preanesthesia) eval- 
somprehensive metabolic panel, 


st in determining 
amination of surgical specimen (resectate) determines 
the histologic type of carcinoma, its degree of differentiation, T-stage and 
assess the removed lymph nodes and peritoneal biopsy specimens, which 
are important for final pathologic staging and planning further treatment. 


TREATMENT 


Standard management of ovarian carcinoma includes upfront eytoredue- 


s 10 confirm the diagnosis, assess the extent of the dis 
ease, remove all visible tumor, and thus, improve the effect of chemotherapy 
by reducing the number of target cells. Currently, neoadjuvant chemothera- 
py is being used increasingly. 


Surgical management 


‘The type of surgical procedure depends on the presence or absence of 
visible seedlings or metastases outside the ovaries. So careful inspection and 
palpation of all the abdominal structures should be performed. In cases of 
absence of visible disease outside the ovaries, formal surgical staging, 
which includes total hysterectomy (with removal of the opposite ovary), 
peritoneal cytology, multiple peritoneal biopsies, omentectomy, pelvic and 
paraaortic Iymph nodes sampling, and biopsies of the diaphragmatic perito- 
nneum is performed because the incidence of microscopic disease on the 
peritoneum is very high. 

‘The aim of surgery for early ovarian carcinoma is to remove the primary 
tumor and evaluate the stage of the disease. Staging helps provide prognos- 
tic data and define whether chemotherapy is needed. The availability of fro- 
zen section to identify ovarian carcinoma may allow the necessary surgical 
staging to be done, without the need for a second operative procedure, Up to 
30% of the patients with obviously early ovarian carcinoma will be upstaged 
after comprehensive surgical staging. There is currently no evidence to sug- 
gest that lymph node dissection (LND) improves survival. Bulky lymph 
nodes should be excised in order to remove all visible tumor. 

In young women with early-stage disease, fertility-sparing surgery can be 
considered, but always thoroughly informing the patient about the potential 
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risks, Fertility-sparing surgery may be considered in patients with IA-IC 
unilateral disease and with favorable histology that includes mucinous, se- 
rous, endometrioid and mixed histologic types, grade 1 or 2 tumor. It should 
be noted that fertility-sparing surgery should be performed in combination 
with complete surgical staging. This would include also LND to exclude 
more advanced disease. 

Non-fertility-sparing surgery should consist of peritoneal washings (ide- 
ally taken before manipulation of the tumor), bilateral  salpingo- 
oophorectomy, hysterectomy, multiple peritoneal biopsies of all abdominal 
fields, at least infracolic omentectomy, appendectomy (in case of mucinous 
histology), and pelvic and para-aortic lymphadenectomy up to renal veins 

In cases of presence of visible disease outside the ovaries, aggressive 
surgical debulking (surgical cytoreduction), which includes removing all 
visible disease (including omentectomy, bowel resection, excision of all per- 
itoneal implants, liver resection, splenectomy, diaphragmatic resection, re- 
moval of bulky para-aortic lymph nodes, etc.) is carried out. Optimal cy- 
toreduction is defined as total macroscopic tumor clearance with no visible 
residual disease. Therefore, patients are advised to undergo surgical debulk- 
ing in specialized centers with adequate infrastructure and experience. 

‘The timing of surgical debulking in relation to chemotherapy is still de- 
bated. The data from appropriate trials demonstrate that treatment with three 
cycles of platinum-based neoadjuvant chemotherapy followed by interval 
debulking surgery is not inferior to primary cytoreductive surgery followed 
by chemotherapy. As a result of these data, treatment with primary chemo- 
therapy followed by interval debulking surgery is becoming more widely 
‘accepted and is recommended to patients with poor performance status at 
presentation, low albumin levels and in those with extensive tumor dissemi- 
nation. 

If the surgeon determines impossibility of optimal debulking (or initial 
debulking surgery was attempted), chemotherapy should be considered. If 
after 2-4 cycles of chemotherapy reduction of tumor volume is achieved, 
debulking surgery is performed with consequent adjuvant. chemotherapy 
(approximately 60% of patients can undergo optimal debulking by this ap- 
proach). In this case, debulking surgery is referred to as interval debulking 
surgery. In cases of recurrent tumor (approximately recurrent disease devel- 
ops in 80% of cases with cytoreductive surgery), secondary surgical debulk- 
ing can be carried out with uncertain long-term results. It is important to 
note that a "second look" diagnostic laparoscopy or laparotomy after com- 
pletion of treatment to assess intraperitoneal status is obsolete and should 
not be performed, as its impact on survival has never been exhibited. 

Surgery for patients with stage IV disease should be individualized, espe- 
cially when the liver and the structures above the diaphragm are involved. 
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Debulking surgery in those cases can be performed in patients with good 
performance status. Surgical debulking can also be used for treatment of re- 
current disease; if the recurrent disease appears as localized mass, Neverthe- 
less, the benefits of surgical cytoreduction in relapsed ovarian carcinoma 
remains controversial and is not regarded as a standard of care, as the evi- 
dence of this approach has never been exhibited in prospective trials, 

In patients with ovarian tumor, laparoscopy is mainly used for diagn 
purpose, particularly in cases with very low likelihood of carcinoma, So in- 
dications for laparoscopy include the following criteria: the mass is <10 em 
on the basis of US; the mass has a distinct border and no solid components; 
no associated ascites is present; the serum CA 12S level is in the normal 
range (<35 U/mL); the patient has no family history of ovarian carcinoma, 
Laparoscopy can also be used to assess the possibility of achieving optimal 
cytoreduction. Laparoscopic surgery may be performed in early-stage ovari- 
an carcinoma without visible disease outside the ovaries. 


Chemotherapy 


Only a small percentage of patients with ovarian carcinoma can be treat- 
ed with surgery alone. This group of patients includes patients with stage 
IAB, grade 1 serous, mucinous and endometrioid carcinomas. Patients with 
clear cell carcinoma should receive chemotherapy regardless of the stage 
because this subtype of ovarian carcinoma is associated with worse progno- 
sis in stage I. 

Patients with ovarian carcinoma (all histological types) stage LA/B grade 
3 and IC any grade have a high-risk disease; these patients are commonly 
treated with front-line chemotherapy (with intravenous taxane’platinum at 
least three cycles). Patients with IA/B grade 2 disease may also receive 
chemotherapy. Adjuvant chemotherapy is also recommended for patients 
With suboptimally staged early ovarian carcinoma. 

High-risk stage I (IA/B grade 3 and IC any grade) patients are recom- 
mended to receive adjuvant chemotherapy with intravenous taxane/platinum 
(paclitaxel or docetaxel/cisplatin or carboplatin) combination three to six 
cycles, Nevertheless, there are no data to demonstrate that the addition of 
paclitaxel to carboplatin is superior. Therefore, it is reasonable to consider 
single-agent carboplatin to patients with intermediate and high-risk stage I 
disease. It should be noted that the optimal duration of adjuvant chemother- 
apy remains controversial for stage I disease. 

In patients with stage I-IV disease, the recommended treatment consists 
of intravenous taxane’platinum for six cycles. Among all combinations of 
taxanes/platinum, the preferred combination is paclitaxel/carboblatin due to 
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more tolerable toxicity. This has been the standard adjuvant treatment for 
ovarian carcinoma of more than 15 years, and clinical trials in the last dec- 
ade adding a third agent have not been demonstrated to improve survival. 
No evidence exists to suggest that chemotherapy more than six cycles re- 
sults in better survival. 

Alternative schedules of administration of paclitaxel/platinum combina- 
tion may also include intraperitoneal delivery. This treatment has not been 
adopted as a standard of care in most institutions and countries because of 
its greater toxicity and difficulty in delivering all of the planned eycles of 
treatment. There is no evidence from randomized trials, confirming efficacy 
of this approach, which poses scepticism, ‘That is why, many clinicians still 
regard intraperitoneal chemotherapy as experimental, recommending its use 
only in context of randomized trials. 

For those patients who do not tolerate paclitaxel, the combination of 
docetaxel/earboplatin or pegylated liposomal doxorubicin (PLD)/carboplatin 
can be considered an alternative option. 

Patients with stage II and greater should receive front-line chemotherapy. 
Despite the aggressive clinical-biologic behavior, 80% of the cases of high 
grade serous carcinoma of the ovary demonstrate initial response to plati- 
num-based chemotherapy. 


Chemotherapy is employed also in cases of recurrent disease, Nearly 
70% of patients with high-grade serous carcinoma of the ovary develop re- 
currence. The recommended chemotherapy schedules for recurrent ovarian 
carcinoma depend on the length of time the patient remained disease-free 
after completing chemotherapy. With respect to the length of this time, re- 
current ovarian carcinoma is divided into two categories: platinum-sensitive 
cases (the length of this time is longer than 6 months); platinum-resistant 
cases (relapse occurred earlier). 

Patients with platinum-sensitive tumors commonly demonstrate a good 
response after retreatment with platinum-based schedules (carboplatin or 
cisplatin/gemeitabine; carboplatin/PLD, with or without bevacizumab; car- 
boplatin/paclitaxel, with or without bevacizumab). 

Single-agent chemotherapy (PLD: topotecan; oral etoposide; gemeita- 
bine: docetaxel, ete.) is commonly used in patients with recurrent platinum- 
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resistant cases (in some cases, bevacizumab also may be added). It should 
be noted that up to half of recurrent high-grade serous carcinoma cases may 
exhibit extreme resistance to etoposide and doxorubicin as well, However, 
no agent has proven to be superior to another, and therefore, the treatment 
choice should be based on toxicity. 

For those patients with a later relapse (over 6 months and especially over 
12 months), carboplatin-doublet (carboplatin paclitaxel or carboplatin’ PLD) 
should be treatment of choice 


‘Targeted therapy 


In patient with advanced ovarian carcinoma or recurrent disease, PARP 
inhibitors as a targeted therapy can also be used. PARP enzymes are in- 
volved in normal cellular homeostasis (¢.g.. DNA transcription, DNA re- 
pair, etc.), inhibition of which can result in disruption of cellular homeosta- 
sis and cell death. The following PARP inhibitors are approved for treat- 
ment of advanced or recurrent ovarian carcinoma: olaparib, rucaparib, and 
niraparib. This targeted therapy is especially recommended in BRCA- 
mutated advanced cases. 

In PD-L1-positve advanced ovarian carcinoma, pembrolizumab (anti-PD- 
1 monoclonal antibody) confer a promising antitumor activity when com- 
bined with niraparib. 

‘The VEGFA-targeted monoclonal antibody. bevacizumab, demonstrate 
efficacy in advanced ovarian carcinoma. This biologic drug shows also ther- 
apeutic activity in recurrent disease as part of first-line therapy. As a single- 
y 20% in the treatment of recurrent 


ovarian carcinoma. } 
carcinoma in the United States, and is not consistently used in Europe. ‘The 
addition of bevacizumab to chemotherapy is recommended for patients with 
ovarian carcinoma with poor prognostic features such as stage IV disease or 
suboptimal surgical debulking, 

Radiation therapy has not been widely accepted as a routine treatment 
modality in patients with ovarian carcinoma, This modality can be used in 
selected patients with small-volume pelvic residual or recurrent mass 


PROGNOSIS, 


Although survival rates for ovarian carcinoma has improved significantly 
in the past three decades, the prognosis for this cancer remains poor. The 
prognosis of ovarian carcinoma is greatly dependent on the stage and histo 
logical type of the tumor. 
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‘The reported 5-year survival rates for serous carcinoma are nearly 75% 
for stage I tumor, 55% for stage II tumor, 25% for stage III tumor, 9% for 
stage IV tumor. 

‘The reported 5-year survival rates for micinous carcinoma are nearly 80- 
85% for stage I tumor; 55% for stage II tumor; 20% for stage III tumor; 9% 
for stage IV tumor. 

Endometrioid carcinoma of the ovary is considered to have better prog- 
nosis than ovarian serous and mucinous carcinomas, The reported S-year 
survival rates for endometrioid carcinoma are nearly 80% for stage I tumor; 
60-65% for stage II tumor, 25% for stage III tumor, 6% for stage IV tumor. 

Survival rates for clear cell carcinoma are poorer than the other histologi- 
cal types of ovarian carcinoma. The reported 5-year survival rates for clear 
cell carcinoma are nearly 70% for stage I tumor, $5% for stage I tumor; 
15% for stage II] tumor: 4% for stage IV tumor. 

‘The reported 5-year survival rates for undifferentiated carcinoma of the 
ovary are nearly 65-70% for stage I tumor; 40% for stage I tumor; 15-20% 
for stage III tumor; 6% for stage IV tumor. 

It should be noted that the cases of ovarian carcinoma associated with he- 
reditary conditions may represent aggressive high-grade neoplasms at an 
earlier stage compared with sporadic counterparts. Nevertheless, these car- 
cinomas are characterized by higher survival rates, presumable to better re- 
sponse to platinum-based chemotherapy (especially in patients with BRCA2- 
mutated high-grade serous carcinoma). On the whole, ovarian carcinomas 
associated with hereditary disorders have better prognosis compared to spo- 
radic cases 


PREVENTION 


‘The risk of developing ovarian carcinoma can significantly be reduced by 

the following measures: 

* Eliminating the factors that are associated with exposure to excessive en- 
dogenous (maintaining healthy body weight with high physical activity) 


the direction of prolonging the progesterone exposure (an increase in the 
number of birth: inclusion of proge hormone replacement therapy: 
using combined oral contraceptives; using hormonal intrauterine device). 
‘These measures can also reduce the risk of developing ovarian carcinoma 
in women with hereditary BRCA-mutation. Oral contraception can also 
decrease this risk (by 50%) in women with Lynch syndrome. Evidence 
suggests that oral contraception for at least 5 years can reduce the relative 
risk of developing ovarian carcinoma by 50%; 
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* Tubal ligation is a protective procedure for ovarian carcinoma. The risk 
is reduced for all types of ovarian carcinoma: nearly 50% for endometri 
oid and clear cell carcinoma, 30-35% for mucinous carcinoma and 20% 
for serous carcinoma, Tubal ligation decreases the risk of developing 
ovarian carcinoma even in BRCA-mutation carriers; 

* Preventive risk-reducing bilateral salpingo-oophorectomy can reduce the 
risk of developing ovarian carcinoma (by 90-96%) in women with muta- 
tions in BRCA, MLHI, MSH2, MSH6 or PMS2 genes. Preventive risk- 
reducing bilateral salpingo-oophorectomy should be performed after the 
woman has had the desired number of births; 

* Balanced diet rich in vitamines A, C, D and E, with sufficient amount of 
fruits and vegetables can reduce the risk of ovarian carcinoma. Due to the 
fact that green tea contains sufficient amounts of antioxidants, it may be 
beneficial in reducing the risk of ovarian carcinoma. 


Screening for ovarian carcinoma 

Recommendations are against screening with serum CA 125 level and 
transvaginal US for ovarian carcinoma in the general population because 
there is no evidence of mortality benefit with screening. According to some 
opinions, screening for ovarian carcinoma can confer potential harms relat- 
ing to false-positive test results. 


Follow-up for ovarian carcinoma survivors 


Patients not received chemotherapy should be monitored closely at regu- 
lar intervals (at 3-months intervals for the first 2 years, then at 6-months in- 
tervals for the next 3 years, then annually thereafter) with clinical examina- 
tion, serum CA. 125 assessment, and pelvic/abdominal US. According to 
widely accepted criteria, progression or recurrence based on serum CA 125 
levels is defined on the basis of progressive serial elevation of this parame- 
ter (elevated values must be confirmed by two separate measurements ob- 
tained at least one week apart), In most of cases, recurrences are confined to 
the pelvis and abdomen, Other imaging studies dictated by physical exami- 
nation findings may be recommended. Surgery to remove the uterus and re- 
sidual ovary (if an ovary is still present) should be considered when the pa- 
tient no longer desires to remain fertile. 
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EPIDEMIOLOGY AND STATISTICS 


Cancer of corpus uteri, also called uterine cancer is the second most 
common cancer among all gynecologic malignancies. This cancer ranks 
sixth among all malignant tumors in women globally (fourth in developed 
countries). In 2020, 417.367 new cases of uterine cancer were diagnosed 
globally (in 2012, about 319.00), accounting for 2.2% of all malignancies 
(4.5% of all malignancies in women). Nearly 95% of all uterine cancer cases 
are attributable to endometrial carcinoma 

One out of 41 women has a lifetime risk (2.5%) of developing endome- 
trial carcinoma, one out of eight women aged 80 years may have endometri- 
al carcinoma. 75-80% of the endometrial carcinoma cases are detected in 
postmenopausal women (mean age, 62 years). Only <S% of cases of endo- 
‘metrial carcinoma are found in women aged <40 years. 

‘The incidence of endometrial carcinoma varies greatly across ethnic 
groups and regions of the world. The highest incidence of this cancer is ob- 
served in Jewish women, In general, the incidence is higher in women in 
developed countries. So the incidence is much higher in Australia, in Europe 
and Northern America compared with the countries of Central and Souther. 
America, Asia and Africa. In the United States, endometrial carcinoma is 
much more common in fair-skinned women than African American, Asian, 
and Hispanic women (in descending order). It should be noted that the inci- 
dence of endometrial carcinoma is higher in African American and Asian 
‘women living in the United States compared with those living in Africa and 
Asia, respectively. All these data suggest that environmental factors play a 
significant role in the development of endometrial carcinoma. 

In the recent decades, the incidence of endometrial carcinoma has in- 
creased sharply for unknown reasons (in the United Kingdom, 21% in the 
last decade, 56% compared to the 1990s). However. mortality from endome- 
trial carcinoma remains low due to slow growth and the properties to remain 
a local disease for a long time. 
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Endometrial carcinoma is a cancer with high cure rate. It ranks 20th 
among all the causes of cancer-related death globally. In 2020, 97.370 cases 
of uterine cancer-related death were registered globally (in 2012, about 
76.200), accounting for 1% of all cases of cancer-related death in both males 
and females. ‘The mean age of women dying from endometrial carcinoma is, 
77 years. 


ETIOLOGIC FACTORS 


Intrinsic and environmental factors 


Exposure to excessive endogenous estrogen is one of the major factors 
ociating with an increased risk of developing endometrial carcinoma 
posure to excessive endogenous estrogen occurs as a result of certain re- 
productive states. 

Previously, earlier menarche (<12 years) is considered to be a factor as- 
sociating with an increased risk of developing endometrial carcinoma, ac- 
cording to the results of numerous studies. According to data from studies, 
this factor is associated with an increased risk (by 11%) only in women who 
have given birth. In contrast to earlier menarche. the role of late-onset men- 
opause (50-34 years versus <45 years) in the development of endometrial 
carcinoma is confirmed by results of all studies (22% higher in those who 
have given birth, 34% higher in those who have not given birth). Total men- 
strual lifespan (the number of years of ovulation), which is determined by 
the number of years from menarche to menopause, excluding pregnancy, is 
also considered one of the powerful factors associating with the risk of de- 
veloping endometrial carcinoma. ‘The frequency of anovulatory cycles is 
also one of the factors associating with an increased risk of developing en- 
dometrial carcinoma. The anovulatory cycle is one-phase cycle (absence of 
ovulation and the luteal phase), since it lacks a sequential change in phases 
characteristic of the normal menstrual cycle. Almost the entire anovulatory 
eycle is occupied by the proliferative phase, which is normally replaced by 
desquamation and endometrial regeneration. During anovulatory 
there is absence of secretory phase, which normally occurs after ovulation 
due to the development of the corpus luteum. In other words, anovulatory 
eyeles lengthen the unopposed estrogenic period. 

Women who have not given birth, have a 2-3 times higher risk of devel- 
oping endometrial carcinoma compared to women who have given birth 
(Figure 20.1). This is because a shorter menstrual lifespan (associated with 
pregnancy) results in a decrease in the cumulative period of exposure to en- 
dogenous estrogen. which is one of the main factors for developing endome- 
trial carcinoma. Studies show that last birth at an older age reduces the risk 
of endometrial carcinoma. It should be noted that the absence of history of 
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childbirth is, in most cases, the man- 
ifestation of infertility, which is an ie 
independent risk factor for develop- 

ing endometrial carcinoma, Studies 

have shown that infertile women are 

3.5 times more likely to develop en- 

dometrial carcinoma compared to 

women with normal fertility. 


Figure 20.1. The relationship between num- 
ber of parity and endometrial cancer risk 
(he solid line represents the estimated rela- 
tionship, the dashed one is the 95% C1). Wa 
QU, Li Y-Y, TuC etal. Party and endome- 
thal cancer risk: a meta-analysis of epidemi- 
ological studies. Sci Reps, 2015; 5: 14243 
Available under the CC BY 4.0 license 
Exposure to exogenous estrogen due to hormone replacement therapy in 
menopausal or postmenopausal women is considered one of the causes of 
endometrial carcinoma, This therapy increases the risk of developing endo- 
metrial carcinoma by approximately 2-3 times. It should be noted that the 
use of estrogen alone (without progestins) for this purpose is much more 
dangerous than the estrogen/progestin combination. Some studies even con- 
firm that the estrogen/progestin combination used for hormone replacement 
therapy does not increase the risk of endometrial carcinoma. Progestogens 
in hormone replacement therapy counteract the effects of estrogen on the 
endometrium. Studies show that the more days (10-14 days) in a month 
when progestins are added to estrogen, the more the risk of endometrial car- 
cinoma is reduced. The use of tibolone for this purpose increases the risk of 
this cancer much higher. This effect is especially noticeable in obese wom- 
en, It should be noted that the risk of developing endometrial carcinoma de- 
pends on the duration of the use of hormone replacement therapy, and the 
Withdrawal of this treatment reduces the mentioned risk, but cannot reduce it 
to the level that women who have never taken hormone replacement therapy 
have. 

‘The use of combined oral contraceptives is considered a protective factor against endo: 
retrial carcinoma. In other words ths factor i associated with a reduced risk of develop. 
ing endometrial carcinoma. As the wse of oral contraceptives is prolonged, the risk 
creases even more, and the reduced risk persists up to 10 years after stopping the m: 
cine. It is assumed that the use of oral contraceptives for $ years is associated with a 
hnlved risk of endometrial carcinoma. This protective effect is more pronounced in nul- 
liparous women. It is estimated that 25% of endometrial carcinoma in the United King- 
dom are prevented by this factor 
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Using tamoxifen is considered 
one of the causes of uterine carci- 
noma, Tamoxifen is a selective es- BB coat! soup 
trogen receptor modulator that re- 
duces the effect of estrogen on the | ntmie oid 
breast cells, and conversely, acts as 
4 weak estrogen on endometrial 
cells leading to endometrial proli 
eration, hyperplasia and endometrial 
polyp formation. Thus, the use of 
tamoxifen for about $ years increas- 
es the risk of developing endometri- 
al carcinoma by about 2-4 times 
(Figure 20.2). It should be noted that 
use of tamoxifen increases the risk 
of endometrial carcinoma in post- 
menopausal women. In premenopausal women, this risk has not been prov- 
en. The risk of developing endometrial carcinoma depends on the dose of 
tamoxifen and the period of its use. Despite all this, the survival benefit of 
tamoxifen use in women with breast carcinoma (reduces breast carcinoma 
mortality by 25-30%) is much greater than the risk of endometrial carci 
‘ma (approximately 1% per year). 

There is evidence that limiting physical activity is associated with an in 
creased risk of not only breast carcinoma, but also endometrial carcinoma, 
According to data from studies, total high physical activity. which includes 
physical activity in free time and that associated with the occupation con- 
tributes to reducing the risk of endometrial carcinoma by 20-40%. Although 
the mechanism is not fully understood, this is probably because physical 
activity leads to a decrease in the mass of adipose tissue, which is the source 
of the production of estrogen (see below), thereby reducing the risk of en- 
dometrial carcinoma. It should be noted that physical activity reduces the 
risk of endometrial carcinoma in both normal and overweight women, 

Consuming >30 g of alcohol per day is associated with an increased risk 
of endometrial carcinoma in postmenopausal women. ‘This is because the 
mentioned amount of alcohol increases the titer of estrogen in the blood in 
postmenopausal women. It is assumed that the increased titer of estrogen in 
the blood in drinking women is results of both a decrease in the metabolic 
elimination of estrogen and an increase in its production. 

Smoking is associated with a reduction in the risk of developing endometrial carcinoma 

by about 30% in postmenopausal women. This is due to the fact that smoking activates 
some of the antiestrogenic mechanisms One ofthe potential mechanisms is that smoking 
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shifts estrogen metabolism in favor of 2-hydroxyestrone, which increases circulating pro- 
‘esterone titer in the blood that reduces the risk of endometrial carcinoma. In addition, it 
is assumed that 2-hydroxyestrone, by destroying the eges, reduces the age of normal 
menopause by 1-2 years, and thus reduces the risk of endometrial careinoma. Along with 
this, there is evidence that smoking increases the expression of the progesterone receptor 
in endometrial cells. This association is especially stronger in women using hormone re- 
placement therapy. Moreover, women who smoke tend to be thinner, which reduces the 
production of endogenous estrogen produced by adipose tissue (androstenedione is con- 
Yerted to estradiol in adipose tissue) It is noteworthy that smoking is not protective 
against other estrogen-related tumors (eg, breast carcinoma, ovarian carcinoma), 

Consuming large amounts of red meat is considered one of possible 
causes of endometrial carcinoma. Eating >100 g of red meat a day has been 
reported to be associated with a nearly 50% increased risk this cancer, 

According to data from studies, a diet rich in cadmium (exposure to cad- 
miwn in the diet) is associated with an increased risk of endometrial carci 
noma by 20-30%. 

Cadmium is @ toxic element with bicaccumulative properties and has an estrogen= 
‘mimicking effect on the endometrium, thereby increasing the risk of developing endome- 
trial carcinoma, The main source of cadmium for the body is food: edible shellfish and 
crustaceans, plants grown in soils contaminated with heavy metals of industrial origin. 
Phosphate fertilizers increase the bioavailability of cadmium and its absorption by plants. 
Tobacco plants absorb cadmium very easily from the soll So the second source of cadmi- 
‘um is smoking; it doubles the level of cadmium in the body. People working in the metal- 
Jurgy and petroleum industry and in the manufacture of batteries and ceramic products are 
particularly exposed to cadmium. Due to the fact that the biological half-life of cadmium 
1s very long (10-30 years) a very small fraction of cadmium is excreted from the body 
and its amount in the body increases over time. Cadmium levels are higher in women, as 
they are more likely to have depleted iron stores and therefore, absorb more cadmium. 


Precancerous lesions and diseases 


Endometrial hyperplasia is one of the most common premalignant pa- 
thologies of the endometrium. It develops as a result of prolonged and ex- 
cessive estrogenic effects (see above). The | manifestation of endo- 
metrial hyperplasia is postmenopausal vaginal bleeding or abnormal men- 
strual bleeding in women of reproductive age. WHO distinguishes two types 
of endometrial hyperplasia: endometrial hyperplasia without atypia and 
atypical endometrial hyperplasia. Only 5% of cases of endometrial hyper- 
plasia without atypia within 20 years after diagnosis may progress to endo- 
metrial carcinoma. Endometrial carcinoma can develop against the back- 
ground of atypical endometrial hyperplasia in 25-50% of cases. 

In 2-5% of women with uterine polyps, endometrial carcinoma develops, 
and polyps progress to carcinoma mainly in women of postmenopausal age. 

According to data, uterine adenomyosis is associated with an increased 
risk of developing uterine carcinoma by more than 2 times. 
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Obesity is one of the main factors 
associating with an inereased risk of 
developing endometrial carcinoma; 
in Europe approximately 40% of 


cases of this cancer are attributable 

to obesity. The role of obesity in the") 
development of endometrial carci 

noma is related to the fact that the "| 1 
precursor of estrogen, androstenedi- ol Il 


on is converted into estrogen in adi- weap man tte are) 

pose tissue. As stated above, expo- Figure 203. Dingram illustrating the wsoei- 
sure to excess endogenous estrogen ation between BMI and relative risk for 
is one of the main factors facilitating 


development of endometrial carcinoma, 
the development of endometrial car- 


According to Yang TYO et al. (2012). 
cinoma. It should be noted that getting rid of excess weight, especially from 
the adipose tissue by any means, contributes to the reduction of the risk of 
endometrial carcinoma. With lifestyle changes (diet, physical activity) one 
can lose 7-10% of weight, and when the lifestyle changes are combined with 
bariatric surgery, it is possible to lose up to 30% of body weight. Studies 
confirm that bariatric surgery in women with obesity essentially reduces the 
risk of developing endometrial carcinoma. Overall, according to data from 
studies, obesity can increase the risk of endometrial carcinoma by up to 4 
times (Figure 20.3). 

Polyeystic ovary syndrome (Stein-Leventhal syndrome), the most com- 
mon disorder of sex hormone production in women (in some Europ. 
countries, it is observed in 6,5-8% of females of reproductive age), in which 
there are 12 or more follicles up to 8 mm in size in one ovary (Figure 20.4). 
Approximately 30% of women with endometrial carcinoma have a history 
of polycystic ovary syndrome in the 
premenopausal period. Although in 
most patients with polycystic ovary 
syndrome obesity is observed, 
which is also one of the causes of 
uterine carcinoma, the former dis 
ease itself is also an independent 
condition associating with an in- 
creased risk of endometrial carci- 
noma; it independently increases the 
risk of endometrial carcinoma by 


Figure 204 


approximately 3-4 times. Increased 
risk of endometrial carcinoma in this 


‘Ultrasonographic appearance 
cof polycystic ovary’ more than 12 follicles 
are observed. 
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syndrome is related to the fact that the endometrium is exposed to the ef 
fects of excessive endogenous estrogen. Owing to the follicles do not ma- 
ture in individuals with polycystic ovary syndrome, the luteal phase (when 
progesterone is produced) of the menstrual cycle does not occur because of 
that the endometrium is exposed to unopposed estrogen (progesterone nor- 
mally counteracts the action of estrogen). 

In women with polycystic ovary synurome, the titer of the male sex hormone, androgen 
is slightly increased in the blood. Diagnosis of polyeystic ovary syndrome is based on the 
combination of 2 out of 3 underlying criteris in women of reproductive age: 1) oligoovu- 
lation or anovulation, 2) clinical andior biochemical manifestations of hyperandrogenism; 
3) 12 oF more follicles in one ovary based on US. 

5-25% of cases of estrogen-producing tumors of the ovary (granulosa 
cell tumors, theca cell tumors, etc.) are associated with endometrial carci 
noma. ‘The mentioned tumors make up 2% of all ovarian neoplasms. So 
considering the extreme rarity of ovarian estrogen-producing tumors (1-2 
cases per 1.000.000 women per year), hyperestrogenemia related to estro- 
gen-producing tumors of the ovary is rarely the cause of endometrial carci- 
noma. 


Hereditary disorders 


90% of cases of endometrial carcinoma have a sporadic character. in 
10% of cases, it is associated with germline mutations in certain genes. The 
following hereditary disorders are associated with an increased risk of de- 
veloping endometrial carcinoma: 

«Hereditary breast and ovarian cancer syndrome, 

= Cowden syndrome, 

* Lynch syndrome, 

= Germline heterozygous mutations in the POLE or POLD! genes, 

* MUTYH-associated polyposis. 

Hereditary breast and ovarian cancer syndrome due to mutations in the 
BRCA2 gene (not in the BRCA] gene) is also associated with a 2-fold in- 
creased risk of endometrial carcinoma in addition to breast carcinoma and 
many other carcinomas (see page 447). In Women with germline heterozy- 
gous mutations in the BRCA2 gene, endometrial carcinoma (type II endome- 
trial carcinoma) develops frequently. In 14-27% of Jewish women with en- 
dometrial serous carcinoma, germline heterozygous mutations in the BRCA2 
gene are detected, and germline mutations in the indicated gene are ob- 
served only in 2.3% of the total population of Israel. According to data from 
a study in Canada, germline heterozygous mutations in the BRCA2 gene is 
detected in 2% of non-Jewish women with endometrial serous carcinoma; 
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BRCA2-mutation is observed in only 0.06% of the total Canadian popula- 
tion. 

In addition to other characteristic malignant tumors for Cowden syn- 
drome (see page 412), endometrial carcinoma is frequently detected in the 
affected individuals in addition to many other carcinomas (colorectal carci- 
noma, breast carcinoma, thyroid carcinoma, etc.). Endometrial carcinoma is 
one of the most common malignant tumors associated with Cowden syn- 
drome, On the other hand, mutations in the PTEN gene are the most com- 
mon gene mutations in endometrial carcinoma cells and is observed in 40% 
of cases of sporadic endometrial carcinoma. The lifetime risk for developing 
endometrial carcinoma in individuals with Cowden syndrome is. 13-28%, 
but for the general population it is in the range of 2-4%, Endometrial carci 
noma in women with Cowden syndrome is detected at age 30-50 years. 
‘There are data that endometrial carcinoma was detected at the age of 20 
years in women with this syndrome. In most of the cases, endometrial carci- 
noma associated with Cowden syndrome is observed in the type of endome- 
trioid carcinoma (type I endometrial carcinoma). It is important to note that 
ovarian carcinoma is rarely associated with Cowden syndrome and demon- 
strates endometrioid carcinoma when associated. 

Lynch syndrome is also associated with an increased risk of developing 
endometrial carcinoma in addition to colorectal carcinoma and many other 
carcinomas (see page 406). Germline mutations in the \SH6 gene are asso- 
ciated with much more increased risk of developing endometrial carcinoma. 
It should be noted that the lowest risk of malignant tumors is observed in 
cases of in Lynch syndrome associated with mutations in the PMS? gene. 
Endometrial carcinoma develops in about 60% (34-71%) of women with 
Lynch syndrome during their lifetime. 2-6% (on average, 5%) of cases of 
endometrial carcinoma are associated with Lynch syndrome. In approxi- 
mately 50% of eases of Lynch syndrome, endometrial carcinoma is detected 
firstly among other possible malignancies. In other words, endometrial car- 
cinoma is the second most common malignant tumor after colorectal carci 
noma in individuals with this syndrome, That is why, endometrial carcino 
ma is called "sentinel cancer” in women with Lynch syndrome, The length 
of the interval between endometrial carcinoma and the second malignant 
tumor is about 11 years in patients with Lynch syndrome, which gives the 
opportunity to detect the second tumor at an early stage by intense follow- 
up. 

Germline heterozygous mutations in the POLE or POLD1 genes are also 
characterized by a high risk of developing endometrial carcinoma in addi- 
tion to colorectal carcinoma (see page 411). Thus, 4-5¢% of cases of uterine 
endometrioid carcinoma are associated with germline heterozygous (mono- 


497 


Bayramov RB Textbook of Oncology 


allelic) mutations in the POLE or POLD! genes. There are data that more 
than half of women with germline heterozygous POLD/-mutation develop 
endometrial carcinoma during their lifetime. 

MUTY¥H-associated polyposis is also associated with an increased risk of 
endometrial carcinoma in addition to colorectal carcinoma and many other 
carcinomas (see page 408). Given the fact that this syndrome was described 
a while ago, the oncological spectrum of this disorder is not revealed until 
the end, 

Endometrial carcinoma is also associated with a less known, rare inherit- 
ed disorder, called hyperparathyroidism-jaw tumor syndrome (due to heter- 
ozygous mutation in HRPT2 gene, 1431.2). 


Conditions associating with an increased risk of endometrial 
carcinoma 


‘The risk of endometrial carcinoma is higher in women with a history of 
breast carcinoma or ovarian carcinoma. This association may be related to 
common factors (hereditary mutations in certain genes, reproductive factors, 
overweight, etc.) that play a role in the development of all these carcinomas, 
or to tamoxifen treatment (for breast carcinoma), or to an increase in control 
diagnostic activity. 

Type 2 diabetes mellitus is an independent condition associated with an 
increased risk of endometrial carcinoma. It should be noted that the associa- 
tion between type 2 diabetes mellitus and endometrial carcinoma is ob- 
served in both obese and non-overweight women, but this association is 
stronger in obese women. 

‘The risk of developing endometrial carcinoma is 15-20% higher in wom- 
en with Parkinson disease. 

Excess body weight (overweight) is associated with an increased risk of 
developing endometrial carcinoma (see above). 

Tall stature is associated with an increased risk of developing endometri- 
al carcinoma, This risk is increased by 9-19% for every 10 cm of increase in 
height, 

‘The risk of developing endometrial carcinoma increases with age. About 
80% of all cases of uterine carcinoma occur in postmenopausal women, 


CARCINOGENESIS 

Theoretically, a dualistic model of endometrial carcinogenesis exists for 
sporadic cases based on molecular-genetic findings correlated with morpho- 
logic feature and clinical-biologic behavior. Type | endometrial carcinoma 
represents an estrogen-driven cancer (associated with unopposed estrogen 
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stimulation), mostly arising against the background of endometrial hyper 
plasia. This type of endometrial carcinoma is mainly seen in premenopausal 
and early postmenopausal women, and because of indolent clinical course 
(due to low grade) in most of the cases, endometrial carcinoma type 1 is 
commonly detected at early stages confined to the uterus. It should be noted 
that high-grade (grade 3) endometrial carcinoma, which constitutes a small 
percentage (20%) of this cancer, is associated with poor prognosis and 
should be excluded from type I endometrial carcinoma. PTEN gene sile 
ing, microsatellite instability as a result of mutations in MMR genes, or mu- 
tations in KRAS gene are the known major genetic alterations determining 
the progression from normal endometrium to hyperplasia and then on to 
carcinoma. 

Type II endometrial carcinoma is non estrogen-dependent, commonly 
develops in the setting of atrophic endometrium, and is seen in elderly 
women. This type of uterine careinoma has higher grade, various histologic 
types and behaves aggressively. Mutations in 7P53 gene and HER-2/neu 
overexpression are major molecular alterations observed in type II endome- 
trial carcinoma. 


PATHOMORPHOLOGY 


According to traditional classification, endometrial carcinoma is divided 
into two major types: endometrial carcinoma type I (75-80%) and endome- 
trial carcinoma type II (20-25%). 

Endometrial carcinoma type I is estrogen-dependent cancer and includes 
the histologic type of low-grade endometriod adenocarcinoma, which is 
subdivided into 3 grades: grade 1 (well differentiated), grade 2 (moderately 
differentiated), grade 3 (poorly differentiated). This type of endometrial car 
cinoma is characterized by lower tumor invasion rate with higher estrogen 
receptor expression. 

Endometrial carcinoma type II is non estrogen-dependent cancer and in- 
cludes the following histologic types: papillary serous carcinoma (10%), 
clear cell carcinoma (4-5%), squamous cell carcinoma (1%), mixed carci- 
noma (10%), carcinosarcoma (<5%) and undifferentiated carcinoma. ‘This 
type of endometrial carcinoma is characterized by higher tumor invasion 
rate with lower rates of progestogen sensitivity. 

However, inthis widespread-used classification, complexity of these neoplasms are not 
described adequately. So, specific histologic types have distinct risk factor profile and 
characteristic clinical-biologic behavior. There are four major genomic subtypes for en- 
ddometrial eareinoma 
* POLE (DNA polymerase epsilon) ultramutated group: this subtype of endometriid 

adenocarcinoma has a large number of mutations in the POLE exonuclease domain and 

account for 6% of low-grade and 15-20%4 of high-grade endometrioid carcinoma cases, 
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* Microsatellite unstable (hypermutated) group: this group of endometrial carcinoma has 
alterations in the RTK/RAS/beta-catenin pathway and PIK3CA/PIK3R1-PTEN path- 
‘way. and frequent MLHT promoter methylation and reduced MLHI gene expression. 
‘This group accounts for about 30% of low-grade and about 55% of high-grade endome- 
trioid carcinoma cases, 

‘+ Microsatellite stable (copy number-low) group: this subtype of endometrial carcinoma 
‘as alterations in the PI3K pathway and RTK/RAS‘beta-catenin pathway and somatic 
‘mutations in C7NNB1. This group accounts for 60% of low-grade endometrioid, about 
9% of high-grade endometrioid, about 2% of papillary serous, and 25% of mixed carci- 


roma cases, 
* Serous-like (copy number-high) group: this group of endometrial carcinoma commonly 
has 7P53 mutations and amplifications of the MYC and ERBB2/HER2 oncogenes, This 
group accounts for about 98% of serous carcinoma, 754% of mixed carcinoma, S*% of 
low-grade endometrioid carcinoma, and about 20% of grade 3 endometrioid carcinoma 
cases, The survival rates are worse for women with this type of carcinoma compared to 
women with other types. 

Lymphatic metastasis mainly occurs in pelvic and para-aortic Lymph 
node stations. The external iliac lymph nodes are most commonly involved 
pelvic lymph nodes, followed by obturator and common iliac lymph nodes. 
Extra-abdominal lymphatic metastasis occurs uncommonly (<1), if devel- 
‘oped, supraclavicular lymph nodes are involved more frequently, which fol- 
lowed by mediastinal and axillary Iymph nodes. 

Hematogenous metastasis mainly occurs in the lungs; endometrial carci- 
noma has a higher rate of pulmonary metastasis compared with other gyne- 
cologic malignancies. Pulmonary metastasis from endometrial carcinoma is, 
frequently multiple or bilateral; solitary nodule mimicking primary lung 
carcinoma may also be seen. Pleural involvement (in the form of thickening, 
nodularity or effiusion) can also be seen rarely. 

Much less frequently, compared with the lungs, hematogenous metastasis 
can also be detected in the liver: as a single or multiple lesions, Rarely ad- 
renal glands also can be involved. 

Peritoneal carcinomatosis can also develop in patients with endometrial 
carcinoma and ean be seen in the form of peritoneal nodules (rarely masses) 
and serosal implants. 


Staging of endometrial carcinoma 
‘TNM staging of endometrial carcinoma is detailed on page 686. 
cu 


Given the fact that 75-80% of women with endometrial carcinoma are 
postmenopausal, postmenopausal uterine bleeding is the cardinal symptom 
of endometrial carcinoma. The duration and amount (staining or gross) of 


ICAL PRESENTATION 
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bleeding does not make any difference for diagnosis. Symptoms suggestive 
of endometrial carcinoma in premenopausal or perimenopausal women may 
be subtler. So, any type of bleeding during the perimenopausal period is 
commonly cooriered due to menoparse, which is a misconception. The 
irregular bleeding, such as heavy frequent menstrual eycles and intermen- 
strual bleeding is commonly ignored by the patient, and sometimes by 
healthcare providers. It should be taken into consideration that the normal 
bleeding pattem during this period should become lighter and lighter, and 
further and further apart. 

‘The fact that most patients have uterine bleeding at earlier stage of the 
endometrial carcinoma, the other signs secondary to mass effect of the tu- 
mor on the adjacent organs, are manifested not frequently. Pelvie pain can 
also be complained. 


DIAGNOSTICS 


Clinical examination in women with suspected endometrial carcinoma 
often reveals no abnormality. It should include an inspection and palpation 
of the vulva, vagina and cervix uteri to exclude other possible causes of vag- 
inal bleeding. Inspection of the cervix uteri can also detect obvious cervical 
involvement. A bimanual rectal and vaginal examination should be fulfilled 
to assess the pouch of Douglas, parametria and adnexae. In rare cases, an 
estrogen-secreting granulosa cell ovarian tumor may be found. 

Pelvie US is one of the first imaging studies used in women with possible 
gynecologic problems to assess the uterus, ovaries, fallopian tubes. Trans- 
vaginal US is more informative in evaluating the uterus; it can readily assess 
the thickness of the endometrial surfaces (endometrial stripe). Endometrial 
thickness cut-off is 5 mm, but this is not reliable for premenopausal women 
using hormone replacement therapy. Moreover, in women using cyclical 
hormone replacement therapy, the thickness could change depending on 
when in the eyele the thickness was evaluated. 

It is important to note that, in the presenes 
trial polyp, obesity, using tamoxifen) false results with respect to endome- 
trial stripe can be obtained on transvaginal US, and these conditions may 
constitute limitations to using the endometrial thickness as a criterion for 
further diagnos 

For assessing the status of the endometrium (for confirming or excluding 
endometrial carcinoma), the following procedures are used via obtaining 
tissue samples for pathologic examination: endometrial biopsy; hysteroscop- 
ically directed biopsy: dilatation and curettage. Pathological examination of 
tissue samples not only confirms or excludes endometrial cancer, it also de- 
termines the type of endometrial carcinoma. 


of some conditions (endome- 


ic tests, 
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After verifying the diagnosis, staging imaging studies are performed for 
choice of the adequate treatment option. For this purpose, invasion depth, 
cervical involvement, lymphatic and distant organ involvement are assessed, 
MRI is the optimum diagnostic tool for assessing the depth of myometrial 
invasion, the presence of occult cervical invasion and pelvic and para-aortic 
lymph node involvement, but is not routinely performed (Figure 20.5). CT 
scan is not used to assess the local disease, but it can be used to check for 
extrauterine and metastatic disease in patients with abdominal mass found 
during physical examination or high-risk histologic subtypes of endometrial 
carcinoma (papillary serous carcinoma, clear cell carcinoma, carcinosar- 
coma). A chest X-ray examination is essential in patients with high-risk his 
tologic subtypes of endometrial carcinoma for assessing the presence of me- 
tastasis in the lungs. 

It should be noted that, since 1988, FIGO (whose Gynecologic Oncology 
Committee is responsible for the staging of gynecologic cancer) have rec- 
ommended that carcinoma of uterine corpus be staged surgically. Therefore, 
once the diagnosis of endometrial carcinoma has been made, routine pre- 
treatment evaluation is carried out to assess operability. Staging can be done 
via laparotomy, laparascopy. or robotic-assisted surgery. 

Owing to endometrioid carcinoma in some cases result from germline 
mutations in MMR genes, patients aged <30 years or having a family history 
of endometrial carcinoma and/or hereditary non-polyposis colorectal carci- 
noma should be referred to genetic counseling and/or testing for MMR genes 
(or MMR proteins) or microsatellite instability. 

Once endometrial carcinoma is 
diagnosed, pretreatment  (preanes- 
thesia) evaluation includes complete 
blood cell count, comprehensive 
metabolic panel, and ECG, which 
assist in determining optimal thera- 


Histopathologic examination of 
surgical specimen (resectate) det 


Figure 20.5. T2-weighted imaging of endo- 


mines the histological type of earci- 
noma, its degree of differentiation, 
Testage and assess the removed 
lymph nodes and genomic subtypes, 
Which are important for final patho- 
logic staging and planning further 
treatment. 


‘metnal carcinoma originating from the dis- 
tal corpus uteri with growth to the cervix 
(*), Bilateral enlarged regional lymph nodes 
fare well displayed (arrowheads). Meiss- 
nitzer M, Forstner R. MRI of endometrium 
cancer — how we do it, Cancer Imaging, 
2016; 16: 11. Available under the CC BY 
40 license 
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TREATMENT 


‘Treatment of endometrial carcinoma depends on the stage of the disease 
and performance status of the patient. Standard management of endometrial 
carcinoma involves surgery with adjuvant chemotherapy and/or radiation 
therapy. 


Surgical management 


Surgical procedure used for treatment of endometrial carcinoma includes 
total hysterectomy with bilateral salpingo-oophorectomy. The recommended 
surgical approach varies among guidelines of different international organi- 
zations. In general, hysterectomy with adnexectomy can be performed 
through laparotomy. transvaginally, or via minimally invasive techniques, 
such as laparoscopy or robotic surgery. Some guidelines reserve transvagi- 
nal hysterectomy for selected women with high surgical risk. 

Pelvic and para-aortic lymphadenectomy (up to renal vessels) is per- 
formed in the following cases: grade 1 or grade 2 endometrial carcinoma 
with deep (50%) myometrial invasion: any grade 3 endometrial carcinoma: 
high-risk carcinoma, 

‘The standard surgical approach for stage I endometrial carcinoma con- 
s of total hysterectomy and salpingo-oophorectomy with or without pel- 
vie LND. However, a benefit from pelvic lymphadenectomy with respect to 
overall survival or recurrence-free survival is controversial. 

‘The surgical approach for stage II endometrial carcinoma consists of rad- 
ical hysterectomy with pelvic lymphadenectomy with or without para-aortic 
LND. 

Surgical resection is indicated for stage III disease in patients with good 
performance status. Maximal surgical debulking can be carried out for met- 
astatic disease in patients with good performance status. 

‘The role of sentinel lymph node (SLN) mapping in patients with endome- 
trial carcinoma has been evaluated recently and is recommended as a re- 
placement for complete lymphadenectomy in cases of clinical stage I dis- 
ease, SLN mapping is done as for cervical cancer using the same tracers 
(blue dye, indocyanine green, technetium-99 [99Te]). 

Cervical injection with indocyanine green results in a higher detection 
rate than hysteroscopic injection and anatomic nodal distribution is similar. 
Dye is usually injected into the cervix uteri both superficially (1 to 3 mm) 
and deep (1 to 2 cm) at 3 and 9 o’clock. With this technique, dye penetrates 
to the uterine lymphatics (which meet in the parametria) and appears in the 
broad ligament leading to pelvie and occasionally para-aortic SLNs. If SLNs 
are identified bilaterally, no lymphadenectomy is indicated, regardless of 
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tumor characteristies. Whether para-aortic lymph nodes dissection is neces- 
sary is left up to surgeon's discretion. 

‘A complete pelvic lymphadenectomy should be performed when any of 
the followings occur: mapping does not detect any SLNs in patients with 
high-risk endometrial carcinoma; a hemipelvis cannot be mapped; there are 
any suspicious or grossly enlarged lymph nodes, regardless of mapping. 

Peritoneal cytology is performed to assess the presence of microscopic 
peritoneal spread. 


Radiotherapy, chemotherap; 


In younger women with noninvasive, grade 1 endometrioid adenocarci- 
noma who wish to preserve fer all guidelines recommend progestin 
therapy. Total hysterectomy with bilateral salpingo-oophorectomy can be 
performed: when childbearing is complete: even sooner if carcinoma still 
remains after 6-9 months of therapy: there is progression of the disease. It 
should be noted that women receiving fertility-sparing therapy should be 
monitored closely with endometrial biopsy every 3 months. 

For patients who are medically inoperable due to serious comorbidities, 
radiation therapy or hormone therapy are options according to international 
guidelines. 

‘The recommendations with respect to adjuvant radiation therapy for en- 
dometrial carcinoma includes the following: 

* No adjuvant radiation therapy is recommended for patients with grade 1 
or 2 carcinoma with <50% myometrial invasion; 

* Vaginal brachytherapy is an option for patients with grade 3 carcinoma 
without myometrial invasion or grade 1 or 2 carcinomas with >50% my- 
ometrial invasion; 

* Vaginal brachytherapy is preferred to pelvie radiation for patients with 
grade 1 and 2 carcinomas and >S0% myometrial invasion; or grade 3 
carcinoma with <50% myometrial invasi 

* Pelvic radiation is preferred for patients with grade 3 carcinoma and 
0% myometrial invasion or cervical stroma invasion; or with grade 1 
and 2 carcinomas and >50% myometrial invasion and high risk factors; 

* EBRT as well as adjuvant chemotherapy is recommended for patients 
with positive lymph nodes; or involved uterine serosa, ovaries, fallopian 
tubes, vagina, bladder, or rectum, 

Platinum-based chemotherapy can be considered in stage I grade 3 en- 
dometrioid carcinoma with adverse risk factors (Iymphovascular invasion, 
high tumor volume) and in patients with stage II or stage III disease. Adju- 
vant chemotherapy appears superior to pelvic radiotherapy in patients aged 

>70 years with >50% myometrial invasion, those with grade 3 tumor, those 


nd hormone therapy 
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With stage I disease and positive peritoneal cytology or those with stage IL 
disease. Platinum-based adjuvant chemotherapy is also recommended for 
aggressive histological types of endometrial carcinoma (serous and clear 
cell types) in patients with stage I-II disease. The sequential use of chemo- 
therapy and radiotherapy in adjuvant setting appears superior to chemother- 
apy or radiotherapy alone. 

Current evidence does not support the use of progestins in the adjuvant 
treatment of endometrial carcinoma. 

‘The recommendations for treatment of advanced, metastatic and recur- 
rent endometrial carcinomas include the followings: 

* Combination chemotherapy and radiation therapy should be recommend- 
ed before a single-modality treatment: 

* Chemotherapy with a paclitaxel/carboplatin regimen is effective as other 
regimens, but has less toxicity. It is considered that paclitaxel-based 
combination regimens are preferred for first-line chemotherapy of ad- 
vanced and recurrent endometrial carcinoma; 

* For treatment of metastatic disease, hormone therapy with progestational 
agents may be considered: for this purpose, tamoxifen and aromatase in- 
hibitors can also be used: 

* For treatment of metastatic disease, recurring or progressing after first- 
line chemotherapy. mTOR inhibitors (temsirolimus, ridaforolimus) can 
be used as a second-line therapy: 

* For vaginal recurrence, radiation therapy (EBRT plus vaginal brachy- 
therapy) is the standard treatment; 

* For regional pelvic recurrence, radiation therapy, associated if possible, 
with chemotherapy is the treatment of choice; 

* For recurrent and metastatic disease. hormone therapy followed by che- 
motherapy should be considered for low-grade metastasis on progression; 

* Chemotherapy and palliative radiation therapy should be considered for 
symptomatic, high grade, or large-volume metastases, 


PROGNOSIS, 


Multiple prognostic factors have been determined for endometrial carci- 
noma. Like all other malignant tumors, the stage of the disease is the most 
important prognostic factor. The reported 5-year survival rates are nearly 
95% for localized disease (comprises 65-70% of the cases); nearly 70% for 
regional disease (comprises about 20% of the cases); 15-17% for metastatic 
disease (comprises about 10% of the cases). 

‘There are also other prognostic factors that may be related specifically to 
the stage of the disease: 
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* Histological types: endometriod carcinoma has the most favorable prog- 
nosis: papillary serous adenocarcinoma and clear cell carcinoma has 
worse progno: 

‘umor grade: low-grade (well differentiated) adenocarcinoma commonly 
involves endometrium and superficial myometrium without extrauterine 
disease; high-grade (poorly differentiated) adenocarcinoma is much more 
aggressive, tends to involve deep myometrium and to have extrauterine 
metastases (lymphatic and distant organ 

* Myometrial invasion: as the depth of myometrial invasion increas 
possibility of extrauterine spread increases in paralle 

* Peritoneal cytology: positive result of peritoneal cytology also appears to 
correlate with other prognostic factors (myometrial invasion and lymph 
node involvement); 

* Lymph node metastasis: lymph node involvement is one of the most 
powerful negative prognostic factors and tend to correlate with other 
prognostic factors. 


PREVENTION 


It is believed that 1/3 of the endometrial carcinoma cases may be pre- 

vented by the following measures: 

* Eliminating the factors that are associated with exposure to excessive en- 
dogenous (maintaining healthy body weight with high physical activity) 
and exogenous estrogen (not using hormonal replacement therapy); 

* Choosing a lifestyle, in which the female hormonal balance changes in 
the direction of prolonging the progesterone exposure (an inerease in the 
number of birth; inclusion of progestins in hormone replacement therapy; 
using hormonal intrauterine devices). Hormone replacement therapy 
without progestins should only be given to women with a history of hys- 
terectomy: 

* More careful monitoring the women taking tamoxifen. Such women 
should beware of the risk of endometrial hyperplasia and endometrial 
carcinoma, In cases of endometrial hyperplasia, the question of continu- 
ing to take tamoxifen should be re-evaluated. If it is necessary to contin- 
ue taking tamoxifen and the patient adequately perceives this risk, then, 
in cases of atypical endometrial hyperplasia, the issue of hysterectomy 
should be discussed; 

= Women with atypical endometrial hyperplasia are recommended to un- 
dergo hysterectomy during menopause or when there is no intention to 
preserve fertility. If it is necessary to preserve fertility, use of progestins 
to reduce the risk of developing endometrial carcinoma is recommended: 
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* Prophylactic hysterectomy with bilateral salpingo-oophorectomy pro- 
vides reliable prevention of endometrial carcinoma (as well as ovarian 
carcinoma) in women with Lynch syndrome. This is the standard ree- 
ommendation for individuals with Lynch syndrome, especially when 
childbearing is complete; 

* Including more fruits and non-starchy vegetables in the diet, and stopping 
alcohol use. 


Screening for endometrial carcinoma 


Identification of individuals at high risk of developing endometrial carci- 
noma may help to detect this cancer earlier. However, no major organization 
recommends screening for endometrial carcinoma in asymptomatic women. 
According to data from studies, screening for endometrial carcinoma has no 
role in patients receiving tamoxifen for breast carcinoma or estrogen thera- 
py; endometrial carcinoma in these groups of women has no difference with 
regard to histological types. grades, stages and prognosis compared to the 
general population. According to appropriate organizations, there is no evi- 
dence suggesting that transvaginal US or endometrial sampling reduces 
mortality in asymptomatic women. 

Given very high risk of endometrial carcinoma in women with Lynch 
syndrome, the guidelines of appropriate organizations approve immuno- 
histochemistry for evaluating expression of MMR proteins or microsatellite 
instability (MSI) testing in all patients diagnosed with colorectal or endome- 
trial carcinoma, regardless of family history of Lynch syndrome, to identify 
the individuals who should have genetic testing for the mentioned hereditary 
disorder. In addition, genetic testing for Lynch syndrome should be per- 
formed in all women diagnosed with endometrial carcinoma before age 50 
years and having a family history of Lynch syndrome. 


Follow-up for endometrial carcinoma survivors 


‘The guidelines of the corresponding international organizations consent 
that after hysterectomy for endometrial carcinoma, patient should be exam- 
ined with a physical and gynecological examination every 3-4 months for 
the first 2-3 years, then every 6 months for the next 2-3 years to evaluate for 
possible recurrence. Further investigations can be performed if clinically 
indicated. The guidelines prefer PET-CT over CT scan for assessment of 
suspected recurrence. 
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EPIDEMIOLOGY AND STATISTICS: 


Cervical cancer ranked first among all gynecologic malignant tumors 
(8th among all malignant tumors, excluding cutaneous carcinoma) in 2020 
based on the number of new cases detected. In the same year, 604.127 new 
cases of cervical cancer were diagnosed globally (in 2012, about 527.000), 
accounting for 3.1% of all malignancies (6.5% of all cancers in women). It 
should be noted that cervical cancer ranks second following breast carcino- 
ma in women of <35. Starting from 1950s, the incidence of cervical cancer 
decreased by 40-50% especially among white women. About 99% of all 
cervical cancer cases are attributable to cervical carcinoma. 

One out of 116 women has a lifetime risk of developing cervical carci- 
noma. The peak incidence of cervical carcinoma is observed at ages 40-50 
years, The highest incidence of cervical carcinoma is shown in Tropical Af- 
rica, Latin America and Caribbean basin countries. The lowest incidence of 
cervical carcinoma is registered in Northern America, Oceanian countries 
and Westem Asia, Cervical carcinoma ranks second among all malignancies 
in women in less developed countries. In certain underdeveloped countries 
cervical carcinoma accounts for 25% of all malignancies, ranking even first 
among all cancers in female population. 

Compared to 1970s, the incidence of cervical carcinoma was 40% lower 
in 2011 in the Western countries. Due to rising awareness and improving the 
socioeconomic status of the corresponding population, the incidence is also 
declining in some other countries (in India, Colombia, Philippines). which 
traditionally were characterized by a high incidence of cervical carcinoma. 

3.4% of all cases of cancer-related death are attributable to cervical can- 
cer (7.7% in women). In 2020, 341.831 cases of death due to cervical cancer 
were registered around the world (in 2012, about 265,000), ranking 9th 
among all the causes of cancer-related death globally. Approximately 90% 
of all cases of cervical cancer-related death is registered in less developed 
countries. 
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ETIOLOGIC FACTORS 


Environmental and intrinsic factors 


Several environmental and intrinsic factors associating with higher risk 
of cervical carcinoma are known. 

HPV infection is the main cause of cervical carcinoma. HPV infection is 
very widespread and approximately 12% of women without cervical pathol- 
ogy have HPV infection of high-risk types (HPV16 and HPV18) in some 
European countries. Approximately 24 million American women have this 
infection, 99.7% of HPV infection are transmitted sexually and extremely 
rately it is transmitted vertically. Usually young women are infected with 
this infection for an unclear reason and women older than 30 are rarely in- 
fected. According to data, 90% of sexually active men and 80% of sexually 
active women are infected with one of the HPV types in some period of 
his/her life. Nearly in half of the infected cases, virus is eliminated sponta- 
neously, but high-risk HPV types can persist for a long time, In 96-97% of 
the cervical carcinoma cases, the HPV test is positive. Approximately 75% 
of cervical carcinoma cases are associated with high-risk HPV types (59% 
with HPV16 and 16% with HPV18). According to data, HPV31, HPV33, 
HPV35, HPV39, HPV45, HPVS1, HPV52, HPV56, HPVS8 and HPV59 can 
cause cervical carcinoma as well 
(Figure 21.1), About 10% of cases 
of HPV infection are progressed to 
carcinoma in situ, which subse- 
quently can be transformed into in- 
vasive cervical carcinoma. It should 
be noted that not only cervical SCC, 
but also cervical adenocarcinoma is 
associated with HPV infection; but Ove Reve 
the correlation is weaker and de- MPV pes 
pendent on the age of the patient bas! 2 ee ergeadie anol 
(the older the patients the weaker 88° of eases of cervi ‘associated wi 
the correlation), Rese OE BEY 


HPV facilitates the development of cervical carcinoma by the following mechanisms: 
186 and 7 oncoproteins produced by HPV inactivate p33 and RbI proteins, which are 
‘suppressors of tumor growth thereby, contributing to the uncontrolled division of the 
corresponding cells 
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arly initiation of sexual activity is one of the strong factors associating 


With increased risk of developing cervical carcinoma. It is explained by get- 
ting HPV infection at earlier ages, since women are at risk of getting HPV 
infection at first sexual intercourse (Figure 21.2). In addition, compared to 
age 18 years, HPV infection at age 30 years is not associated with cervical 
carcinoma till age 40 years and is associated with a 3-fold lower risk till age 
48 years. In other words, women can be infected with HPV virus at any age, 
however, infection at older ages is not associated with high risk of cervical 
carcinoma, It should be noted that the distinction in ages when sexual activi- 
ty is initiated, is related to views linked with religions or traditions thus be- 
ing associated with varied risk of cervical carcinoma in different societies. 
‘Sexual multipartnership is one of the factors associating with an in- 
creased risk of cervical carcinoma. Women with 6 or more partners have a 

fold higher risk of developing cervical carcinoma compared to women 
with one sexual partner. It is explained by a higher risk of HPV infection in 
‘women with multiple partners. 

Early maternal age at the first birth is associated with an increased risk 
of developing cervical carcinoma. In women with maternal age of >25 years 
at the first birth, the risk of cervical carcinoma is lower by 80% compared to 
‘women with that age of <17 years. 

Large number of births is associated with an increased risk of developing 
cervical carcinoma. In women with >7 births, the risk of cervical carcinoma 
is higher by 70-80% compared with 
Women with 1-2 births. It is ex- 
plained by a higher risk of develop- 
ing ectropion (replacement of squa- 
mous epithelium of cervical surface 
by columnar epithelium of cervical 
canal) due to hormonal disbalance 
and cervical traumas related 0 Figure 21.2 The prevalence of HPV infec- 
births. Movement of squamocolum- tion, precancer and cervical cancer depend- 
nar junction to the outside makes it mg on the age of women. With permission: 
more susceptible to HPV infection, UNAIDS, UNAIDS 2016 reference, 


EPY 
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So in cases of cervical ectropion, squamocolumnar junction (normall 
dovervical environment has pH 6.6-7.6) gets contact with moderately acidic 
environment (pH 3.84.5), thereby, becoming vulnerable, due to that it easi- 
ly gets infected with HPV, So according to opinions, cervical squamoco- 
lumnar junction is the most susceptible site to HP infection and carcinoma 
arises from this site in most of the cases. It should be noted that without 
HP infection, cervical ectropion does not pose a risk for developing cervi- 
eal carcinoma. 

Cervical eetropion sometimes is also called "cervical erosion", which incorrectly re- 
flects the essence of the pathological condition. So the cervix in this condition is, not 
éroded, but has a similar appearance. Because the everted endocervical mucosa has a red- 
dish color that mimics an inflamed. eroded area. Cervical ectropion develops mainly 
against the background of hormonal imbalance in the reproductive age, including in 


‘women who take oral contraceptives or estrogen-containing patches. Young girls at pu- 
berty have a high risk of developing cervical ectropion. This condition rarely develops in 


postmenopausal women. Very rarely, women acquire this condition congenitally. 

Abortion at the late stage of gestation (late termination of pregnancy) is 
associated with an increased risk of developing cervical carcinoma, The risk 
is explained by occurrence of cervical ectropion described above. 

Using oral contraceptives for > years. starting from the age 20-30 years, 
is associated with a 2 times increased risk of cervical carcinoma, The role of 
this factor in the development of cervical careinoma is explained by the fact 
that women who use oral contraceptives, do not use barrier contraceptives 
for prevention pregnancy, but barrier contraceptives (condoms) prevents 
HPY infection as known. This increased risk can also be associated with 
high risk of cervical eetropion, which is one of the potential premalignant 
condition as described above. Approximately, 10% of cervical carcinoma 
cases in developed countries are attributable to the use of oral contracep- 
tives. 

HIV infection is associated with a 6-fold increase in the risk of cervical 
carcinoma, Highly active antiretroviral therapy (HAART) can reduce the 
increased risk, which is explained by improved immune function against 
HPV. 

Sexually transmitted infections (gonorrhea, chlamydiosis, genital herpes 
and syphilis) are associated with an increased risk of developing cervical 
carcinoma. Gonorrhea can increase the mentioned risk by 4-5 times, chla- 
mydiosis by 2-3 times. Opinions on the role of genital herpes and syphilis in 
the development of cervical carcinoma are conflicting. 

Smoking is one of the causes of cervical carcinoma, According to data, 
smoking increases the risk of developing cervical carcinoma by 1.5-2 times. 
An estimated 20% of the cervical carcinoma cases are attributable to smok- 
ing in developed countries. 
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Diethylstilbestrol exposure in utero is one of the causes of cervical carci- 
noma (exactly clear cell adenocarcinoma). Diethylstilbestrol is a synthetic 
nonsteroidal estrogen that was used to prevent miscarriage and other preg- 
nancy complications between 1938 and 1970s. Because of the relationship 
between exposure to synthetic estrogen and vaginal/cervical clear cell ade- 
nocarcinoma in young Women, it was withdrawn from the use in 1970s in 
many countries. There had been registered 775 cases of clear cell adenocar- 
cinoma of vagina and cervix uteri all over the world by 2015, two thirds of 
which had been detected in women who exposed to diethylstilbestrol in 
utero. 

Clear cell carcinoma isa rare type of cervical carcinoma and accounts for 49% of cases 
of adenocarcinoma in this location. Exposure to diethylsilbestrol and non-steroidal estro- 
_gen in utero before 18 weeks of gestation is the only known etiologic factor. This type of 
carcinoma demonstrates a bimodal peak in the age distribution: the frst peak at age 17-37 
(mean, 26) years, the second at age 44-88 (mean. 71) years. The first group consists of 
women exposed to dithyltilbestrol in the prenatal period, 40% of cases of clear cell car- 
‘cinoma are found in those women. These arguments support the role of other unknown 
factors in the development of clear cell carcinoma. Exposure to diethylstilbestrol in utero 
increases the risk of developing this carcinoma by 40 times and is observed in 0.1-0.2% 
of the affected women. 


At 4-18 weeks of gestation, in the normal course of fetal development, the Mallerian 
ducts extend caudally and merge into one solid structure, the uterovaginal duct. The 
squamous epithelium from the urogenital sinus invades the uterovaginal duct from below 
and completely replaces the Mallerian ducts to the level of the extemal opening of the 
cervix. The use of diethyistilbestrol stimulates a longer existence of the Mallerian ducts 
‘and inhibits their replacement by the squamous epithelium of the vagina. 


Precancerous lesions 


Squamous cell disorders (dysplasia) are the main pathological processes 
of the cervix uteri following HPV infection, Low-grade squamous intraepi- 
thelial lesions spontaneously disappear in most of the cases, but in 15% of 
cases, they progress to high-grade squamous intraepithelial lesions (cervical 
intraepithelial neoplasia) during 3-4 years. High-grade cervical intraepithe- 
lial neoplasia (CIN3) progress to invasive cervical carcinoma in 30-70% of 
cases within 7 years. Mean age of women with cervical intraepithelial neo- 
plasia (CIN) is younger by 15 years compared to women with invasive cer- 
vical carcinoma that shows slow progression of CIN to invasive carcinoma, 
Ultimately, over a period of 25-30 years, approximately 1-3% cases of HPV 
infection result in development of cervical SCC. 

"Cervical intraepithelial neoplasia” has changed to "squamous intraepithelial lesion" 

(SIL) following the 2001 revision of the Bethesda classification of cervical dysplasia, 
‘however, CIN is more commonly used in cervical biopsy reports, 
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Inherited disorders 


Despite the fact that family history of cervical carcinoma (in mother or 
sister) is associated with an increased risk of developing cervical carcinoma 
by 70-80%, the given relationship is more likely explained by exposure to 
common environmental factors rather than well-known germline mutations. 
Unlike the other gynecologic carcinomas, no substantial number of cases of 
cervical carcinoma is related to inherited gene mutations. Nevertheless, 
some inherited disorders are associated with an increased risk of cervical 
carcinoma, 

Peutz-Jeghers syndrome is also associated with an increased risk of cer- 
vieal carcinoma in conjunction with various intestinal and extraintestinal 
carcinomas (see page 403). 15-30% of individuals with Peutz-Jeghers syn- 
drome develop cervical carcinoma during their lifetime. Cervical carcinoma 
associated with this inherited disorder demonstrates minimal deviation ade- 
nocarcinoma (adenoma malignum), a subvariant of mucinous adenoc: 
noma. Minimal deviation adenocarcinoma is an uncommon form of highly 
differentiated endocervical adenocarcinoma and is difficult to distinguish (or 
indistinguishable) from normal cervical glands. It should be noted that 10% 
of the mentioned adenocarcinoma cases are associated with Peutz-Jeghers 
syndrome. 

Lynch syndrome is also associated with an increased risk of cervical car- 
cinoma in addition to characteristic intestinal and extraintestinal (most 
commonly colorectal, endometrial, gastric, etc.) carcinomas (see page 406). 
Despite the fact that carriers of germline mutation in MMR genes have a 
high risk of cervical carcinoma, it remains unclear, whether characteristic 
oncologic spectrum associated with Lynch syndrome includes cervical car 
cinoma as well. 

Fanconi anemia is associated with very high risk of cervical carcinoma 
in addition to other characteristic carcinomas (see page 242). It should be 
noted that characteristic oncologic spectrum of Fanconi anemia includes 
squamous cell carcinomas of anogenital and head and neck regions, which is 
mostly associated with HPV infection. The risk of developing cervical car- 
cinoma increases 200-fold in individuals with Fanconi anemia (the risk for 
vulvar carcinoma increases 4000 times). 

‘The particulary high risk of developing SCs associated with HPV infection in inl- 
viduals with Fanconi anemia is explained by the fact that E6 and E7 HPV oncoproteins in 
the infected people not only inhibit pS3 and pRb proteins, but also disrupt the 
FANC/BRCA signaling pathway, thereby, preventing repair of DNA damage that leads to 
alteration of the cell cycle checkpoint function, telomere function, cell proliferation, and 
ultimately to the development of SCC. Thus, disruption of the FANC/BRCA signaling 
pathviay in Fanconi anemia promotes the development of SCCs by the same mechanism 
as it occurs in people with HPV infection. 
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Conditions associating with an increased risk of cervical carcinoma 


History of certain cancers, especially of those having relationship with 
HPV infection, is associated with an increased risk of cervical carcinoma, 

Family history of cervical SCC (in mother or sister) is associated with an 
increased risk of developing cervical carcinoma by 70-80%, The mentioned 
isk may be related to HPV infection or possible inherited gene mutations 
sociated with an increased 


oping cervical carcinoma is 3.5-fold higher in women with a history of renal 
transplantation. ‘This high risk is explained by continuous immunomodula- 
tion following transplantation, which is characterized by weaker immune 
response to EBV and HPV infections, due to that the risk of developing 
EBV- and HPV-related malignancies increases. 

Immunodeficiency, regardless of its cause (congenital or acquired), is as- 
sociated with an increased risk of developing cervical carcinoma, It is ex 
plained by a weaker immune response against HPV infection. The mean age 
of HIV-infected women with cervical carcinoma is 15 years younger com- 
pared to women with cervical carcinoma, but without HIV infection. 

‘The risk of developing cervical carcinoma has a strong relationship with 
age. Detection of this carcinoma in elderly women is a rare event. 

The risk of developing cervical carcinoma is higher in women with poor 
socioeconomic status. This increased risk is explained by obstacles in regu- 
lar prophylactic examinations by specialists. 

Racial identification is characterized by peculiar risk of developing cer- 
vical carcinoma, The highest risk is for Hispanics and Afro-Americans, the 
Jowest for Asians and Caucasians (the risk is 1.6-fold higher in Hispanics 
compared to Asians). 


CARCINOGED 


Invasive al SCC, the commonest histological type, is proceeded by 
SILs, which is characterized by abnormal cells confined to the epithelium. 
This stage of non-invasive related to 
HPV infection. Early changes in the development of CIN, which involves 
the deeper layers of the epithelium (CIN1), further progress to full thickness 
of the epithelium (CIN3) that equates to carcinoma in situ. CIN1 occurs di- 
rectly after HPV infection and usually regresses spontaneously within 9-12 
months. In a small minority of cases (15%) CIN1 progress to CIN2-3 within 
3-4 years, CIN3 spontaneously resolves rarely and progresses to invasive 
carcinoma within 7 years as stated above. 
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As stated earlier, the core factor in the development of cervical carcino- 
ma is HPV infection. This virus makes normal epithelial cells be trans- 
formed into malignant ones by certain mechanisms, E6 oncoprotein of HPV 
is a 150 amino acid zine-binding protein, lacking enzymatic activity. E6 in- 
teraets primarily with p53 tumor suppressor protein. With other words, HPV 
E6 protein binds to the core region of p53, thereby, inducing p53 degrada- 
tion (p53 degradation occurs when the core region is bound). E6 binding 
leads also to the degradation Bak, a Bel-2 family pro-apoptotic protein that 
is crucial for apoptotic cascade, Therefore, the loss of p33 function due to 
E6 binding induces uncontrolled squamous epithelial cell proliferation, It 
should be noted that, E6 protein of low-risk HPV types is less potentiating 
than that of high-risk HPV types with regard do cell transformation and pro- 
liferation. 

‘The other HPV protein, E7 is composed of 100 amino acids and, like E6 
does not possess enzymatic activity. E7 protein commits its oncogenic effect 
primarily by binding with retinoblastoma protein (pRb) and the related 
“pocket proteins", p107 and p130. By modulating E2F family of transcrip- 
tion factors, these proteins regulate cell proliferation, Both high-risk HPV 
E7 protein binds with pRb. however. the low-risk HPV E7 has much lower 
affinity because of a single amino acid substitution in the binding domain. 
‘Therefore, E7 binding to pRb results in proteosomal degradation of pRb and 
unrestricted activity of E2F. Therefore, through the pRb inhibition and E2F 
upregulation described above, E7 drives squamous epithelial cell prolifera- 
tion (Figure 21.3). 


PATHOMORPHOLOGY 


Cervical carcinoma is seen in two main histological types: squamous cell 
carcinoma (70-80%) and adenocarcinoma (20-25%). Other uncommon 
types of cervical carcinoma are also 


observed: adenosquamous carci- Br ee 


noma, adenoid cystic carcinoma, (iw) 


ng oe 


adenoid basal carcinoma, neuro- 
endocrine (small cell and large cell) 
carcinomas; undifferentiated carci- 
noma, 

SCC inchides the following rc camer of 1% a 
subtypes according to the current nice 
classifications: keratinizing: non- Figure 21.3, The role of different types of 
keratinizing; basaloid (previously HPV in the development of anogenital neo- 


called small cell non-keratinizing Cae 
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SCC); warty (condylomatous): papillary: verrucous; squamotransitional; 
Iymphoepithelioma-like. 

Cervical adenocarcinoma includes the following subtypes: endometrioid 
adenocarcinoma; mucinous adenocarcinoma; clear cell adenocarcinoma; 
serous adenocarcinoma; mesonephric adenocarcinoma; adenocarcinoma 
admixed with neroendocrine carcinoma, 

Cervical mucinous carcinoma includes the following subtypes: 
endocervical type; gastric type (includes the tumor known as minimal 
deviation adenocarcinoma, otherwise known as adenoma malignum); 
intestinal type; signet-ring cell type; villoglandular carcinoma; mucinous 
carcinoma, NOS. 

Invasive cervical carcinoma can directly extend into surrounding 
anatomic structures (upward to the endometrial cavity, forward to the 
bladder neck, backward to the rectum and laterally to the pelvic wall) and 
via the lymphatics can spread to the pelvic and paraaortal lymph nodes. 
Hematogenic metastasis is rare. if develops. can be detected in the lungs, 
liver and bones. Cervical small-cell neuroendocrine carcinoma has a particu- 
lar propensity to spread distantly. which is similar to small cell carcinoma of 
the lung. 


Staging of cervical carcinoma 
‘TNM staging of cervical carcinoma is detailed on page 687. 


CLINICAL PRESENTATION 


Early-stage cervical carcinoma is ofthen asymptomatic. Clinical signs of 
advanced cervical carcinoma may include abnormal vaginal bleeding 
(frequently: usually postcoital or between menstrual cycles), vaginal 
discomfort (not frequently), malodorous discharge (not frequently), dysuria 
(when tumor invades the bladder neck), constipation (when tumor invades 
the rectum), dyspareunia. In more advanced stages, cervical carcinoma can 
obstruct ureter(s), causing hydronephrosis, Destructing the rectum wall 
anteriorly or the bladder wall posteriorly, cervical carcinoma can cause 
rectovaginal and vesicovaginal fistulas, respectively. The classic triad of 
edema in lower extremities, pelvic pain and hydronephrosis suggest pelvic 
wall involvement. 


DIAGNOSTIC 


In cases of early-stage cervical carcinoma, findings on physical examina 
tion can be relatively normal. As the disease progresses, the cervix uteri may 
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become abnormal: erosion, infiltration, ulcer or mass can be detected. In ad- 
vanced cases, these abnormalities can extend to the wall of the vagina. Leg 
edema suggests lymphatic or vascular congestion due to pelvic wall in- 
volvement. 

Bimanual pelvie examination may reveal pelvic or parametrial infiltra- 
tion of the tumor. Digital rectal examination can reveal an external mass in 
cases of advanced cervical carcinoma, Pulmonary or liver metastases are 
difficult to detect on physical examination (unless massive pleural effusion 
or multiple gross hepatic metastases exist) 

Vaginal carcinoma, primary cervical melanoma, cervicitis, vaginitis, 
should be considered in the differential diagnosis in women with possible 
cervical carcinoma. 

Evaluation of patients with suspicious cervical carcinoma starts with Pap 
smear, that is also called a Pap (Papanicolaou) testing. Positive results of 
Pap smear should prompt colposcopy and taking samples of cervical cells 
(punch biopsy or endocervical curettage) for eytological examination to de- 
tect or exclude atypical cells. In case of positive cytological findings, tissue 
samples should be taken for histopathological examination in order to con- 
firm or rule out invasive cervical carcinoma. For this purpose. loop electro- 
surgical excision or conization is performed. It should be noted that patients 
with suspicious or gross cervical lesions on physical examination should 
undergo biopsy regardless of the results of cytological examination, 

For more precise cervical evaluation, new digital technologies have been 
developed to provide a more objective. reproducible evaluation of the cervix 
and to help colposcopists in choosing the area(s) to biopsy. One such tech- 
nology is dynamic spectral imaging (DSI) colposcopy, which can increase 
the sensitivity of CIN2 detection by colposcopy from 55 to up to 90%. The 
DSI colposcope measures the duration and density of any aceto-white 
changes that may occur on the cervix and, based on these registrations, en- 
sures a color-coded map to guide colposcopists during biopsy. The colors 
provided by the DSI color map can reflect the severity of precancerous cer- 
vical lesions (Figure 21.4), 

Once the diagnosis of invasive cervical carcinoma is confirmed, clinical 
staging of the disease should be carried out because the treatment strategy 
depends on the stage of cancer. It should be noted that cervical carcinoma is 
only gynaecological cancer that is clinically staged based on tumor size, 
vaginal and parametrial involvement, bladder-rectum extension (excluding 
distant metastasis). In order to more accurately define the extent of the dis- 
ease and to allow tailoring of treatment, imaging studies are used. For this 
purpose, pelvic CT scan or MRI abdominal US (or abdominal CT scan). 
and chest radiography should be conducted. Tumor size, degree of 
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Figure 21.4 Invasive cervical SCC in a 45-year okt nonsmoker woman, who had & gyne- 
cologic evaluation after experiencing heavy periods for the last five years with increasing 
pain, Cervical screening test revealed atypical squamous cells and HPY-positivity. On 
colposcopy, there were no lesions suspected for neoplasia (A) and biopsy was not war- 
ranted DSI colposcopy detected aceto-white area around 11-12 o'clock suspicious of ne- 
‘oplasia (B) where was biopsied and invasive SCC was found. Livingston J, Papagiannakis 
E, How colposcopy misses invasive cervical cancer: case report from the IMPROVE- 
COLPO study. Case Rep Obstetr Gynecolog, 2016: Article ID 5857370. Available under 
the CC BY 40 license 

stromal penetrations, parametrial involvement, vaginal/corpus extension can 
be assessed by MRI with higher accuracy. Stromal invasion of >5 mm is 
almost always detected on T2WI, and T1-dynamic imaging can detect stro- 
mal invasion of >3 mm with a >90% sensitivity, PET-CT has the potential 
to accurately delineate the involvement of lymph nodes that are not enlarged 
and in distant sites. Cystoscopy or proctoscopy should be performed in cas- 
es of bulky tumor (with clinical suspicions of vesical or rectal involvement) 
to exclude local invasion to the bladder or rectum. 

Once invasive cervical carcinoma is diagnosed, pretreatment (preanes- 
thesia) evaluation includes complete blood cell count, comprehensive meta- 
bolic panel, chest radiography, and ECG, which assist in determining opti- 
mal therapy, 

Histopathologic examination of surgical specimen (resectate) determines 
the histological type of carcinoma, its degree of differentiation, T-stage and 
assess the removed lymph nodes, which are important for final pathologic 
staging and planning further treatment. 


TREATMENT 


‘Treatment strategy for cervical carcinoma strictly depends on the stage of 
the disease. Surgery is the preferred choice of treatment in patients with ear- 
ly-stage disease and without comorbidity. Radiation therapy also is a treat- 
ment modality, which provides local and regional control in early-stage and 
advanced-stage disease, 
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Surgical management 

In patients with carcinoma in situ (stage 0). local ablative (cryosurgery, 
laser ablation) or excisional (loop electrosurgical excision) procedures are 
used. 

‘The treatment of choice for patients with stage IA1 cervical carcinoma is 
surgery: conization, simple trachelectomy, simple hysterectomy or radical 
hysterectomy (in case of lymphovascular space invasion), Conization or 
simple trachelectomy is used in patients who have desire to maintain fertili- 
ty. These patients should further be under close follow-up, including col- 
poscopy, endocervical curettage and cytological examination. Lymph node 
dissection is recommended when depth of inv: more than 3 mm and 
lymphovascular invasion was found. 

‘The patients with IA2, IB or ILA are commonly treated with surgery: rad- 
ical hysterectomy with bilateral lymph node dissection (with or without 
SLN). Radical vaginal trachelectomy can used in patients with IA2 disease 
and IB1 disease with tumor size of <2.0 cm for preservation of fertility. The 
main problems with pregnancy following trachelectomy are premature labor 
and need to undergo cesarean delivery. 

Unlike breast carcinoma and vulvar carcinoma, where SLN dissection 
(SLND) is the standard approach, the guidelines recommendations are not 
yet clearly defined with respect to SLND in cervical carcinoma, SLND 
Should be performed only in centers with enough expertise and training, 
During SLN mapping tracer is injected directly into the cervix, and blue 
dye, technetium-labeled radiocolloid or fluorescent indocyanine green is 
used, SLN should be detected on both sides. 

Current recommendations prefer radical hysterectomy with minimal in- 
vasive techniques (traditional or robotically assisted laparoscopic tech- 
niques) in the surgical management of IA2-IIA disease. The minimally in- 
vasive approach is gaining increasing relevance and is standard in most cen- 
ters. Minimally invasive techniques possess the advantage of shorter recov- 
ery period following surgery with providing equal effects in terms of ade~ 
quate surgical margins and lymph node disse 


Radiotherapy and chemotherapy 


Patients with stage LA cervical carcinoma who are not candidates for sur- 
ry because of serious comorbidity, can be successfully treated with radia- 
tion therapy. 

Combined extemal beam radiation with brachytherapy is an option for 
treatment of patients with stage IB or IIA disease. 

Postoperative (adjuvant) pelvic irradiation is recommended for patients 
with high-risk factors (primary tumor size >2.0 em, deep stromal or lympho- 
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vascular invasion, positive surgical margins, positive lymph nodes, residual 
paramettial disease). In eases of primary tumor size >4.0 em, combined ra- 
diotherapy and chemotherapy should be used in selected patients, 

For locally advanced cervical carcinoma (stages IIB-IVA), radiation 
therapy (extemal beam radiation with subsequent brachytherapy by means 
of intracavitary applicators) had been the treatment of choice for a long 
time. Currently, radiation therapy with cisplatin-based chemotherapy is the 
standard of care for management of patients with advanced-stage cervical 
carcinoma, 

Neoadjuvant chemotherapy followed by radical-intent surgery may offer 
a benefit over surgery alone in patients with borderline local advanced (node 
positive and/or parametrial invasion at MRI) cervical carcinoma, reducing 
the need for adjuvant radiotherapy. 

For recurrent disease, the choice of therapy depends on the treatment 
strategy previously used. For pelvic recurrence after surgical management, 
radical radiotherapy and single-agent chemotherapy should be employed. 
For pelvic recurrence after radiation therapy, hysterectomy (when recurrent 
tumor is smaller than 2.0 cm) or pelvic exenteration should be carried out. 
For recurrent disease after radiotherapy and chemotherapy (in cases of dis- 
ease-free interval of >16 months), platinum-based chemotherapy (cispla- 

tin/paclitaxel) is considered a standard care. Recurrences occurring after ra- 
diotherapy with a disease-free interval of <16 months are less likely to re- 
spond to subsequent treatment. 

Palliative chemotherapy with cisplatin-based doublets with topotecan or 
paclitaxel is the preferred treatment modality for disseminated disease (stage 
IV cervical carcinoma). The three-drug combination of cispla- 
tin/paclitaxel/ifosfamide has demonstrated promising response, with accept- 
ed toxicity in advanced or relapsed cervical carcinoma. In those patients, 
therapy is individualized and radiation therapy also can be employed for 
palliation of local symptoms. 

Bevacizumab (anti-VEGF monoclonal antibody) plus cisplatin/paclitaxel 
or bevacizumab topotecan/paclitaxel is considered a first-line regimens for 
recurrent, persistent or metastatic cervical carcinoma. In those cases, 
bevacizumab plus chemotherapy is superior to chemotherapy alone in re- 
gard to overall survival and the rate of tumor shrinkage. In cases of recurrent 
or metastatic cervical carcinoma expressing PD-L1, also can be used pem- 
brolizumab (anti-PD1 monoclonal antibody), 


PROGNOSIS: 


‘The prognosis for patients with cervical carcinoma strictly depends on 
histologic type of the tumor and the stage of the disease at initial diagnosis. 
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S-year survival rate reaches >90% for stage I disease: 60-80% for stage II 
disease; nearly 50% for stage III disease, and <30% for stage IV disease, 
Compared with SCC, cervical adenocarcinoma carries a worse prognosis 
with 10%-20% differences in S-year overall survival rates. 


PREVENTION 


Almost all cases (99%) of cervical carcinoma are related to environ- 

mental factors and lifestyle. It means that almost all cervical carcinoma c 

es can be prevented by following some measures (primary prevention): 

* Avoiding casual sexual intercourse, using barrier contraceptives in cas- 
es of casual intercours 

Getting HPV vaccination at ages 11-12 years for girls and boys (in girls 
it can be started also at age 9 years). Two dose of vaccination is needed 
if the first dose was given until the age 15 (given 6-12 months apart). 
For people of 15-45, HPV vaccine is given in 3 separate doses; 
Avoiding (quitting) smoking: 
Having a diet rich with vitamin A and carotenoids. Women regularly 
taking high amount of vitamin A and carotenoids have an estimated 
twice lower risk of developing cervical carcinoma. 


Screening for cervical carcinoma 


Given the fact that in one out of 13 women the cause of cancer-related 
death is attributable to cervical carcinoma, and the prognosis for patients 
with stage I cervical carcinoma is favorable, screening for this cancer is very 
important for improving the cure rate for the patie 

Screening tests can detect cervical carcinoma 
the stage of carcinoma in situ, which c 
cinoma. Most guideli ymend starting sereening for precancerous 
abnormalities and ca include: Pap 
test and HPV DNA test. For 21-29-years-old women, Pap smear alone every 
3 years is recommended. For 30-65-years-old women, Pap smear and HPV 
DNA testing (co-test) every 5 years (preferred) or Pap smear test alone eve- 
ry 3 years (acceptable) are recommended. For women of >65 years no 
sereening is recommended if prior screening has been negative. 

People who have been vaccinated against HPV should still follow these 
screening guidelines. People who have had a total hysterectomy (removal of 
the uterus and cervix uteri) or trachelectomy should stop screening. People 
who have had supra-cervical hysterectomy (hysterectomy without removal 
of the cervix uteri) should continue screening according to the guidelines 
described above. 


precancerous stage or in 


ree 
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Follow-up for cervical carcinoma survivors 


Follow-up of patients treated for cervical carcinoma includes mainly 
physical examination carried out every 3 months for the first two years, eve 
ry 6 months for the third year, and once a year thereafter. Follow-up of these 
patients may also include imaging studies (CT scan of the abdomen and 
pelvis) and blood tests, which are mostly clinically indicated. 
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EPIDEMIOLOGY AND STATISTICS 


Kidney cancer ranked 15th among all malignant tumors in 2020 based on 
the number of new cases detected. In the same year 431.288 new cases of 
kidney cancer were diagnosed globally (in 2012, about 338,000), accounting. 
for 2.2% of all malignancies. Kidney carcinoma accounts for >95% of can- 
cers arising from kidney. 

Kidney carcinoma in men is seen 1.5-2 times more often compared to 
women. One of 52 men or 87 women has a lifetime risk of developing kid- 
ney carcinoma. More than 60% of kidney carcinoma cases are seen in peo- 
ple at age <75 years. The highest incidence of kidney carcinoma is seen in 
some regions of Northem America, in the Czech Republic and Lithuania. 
Kidney carcinoma is detected more often in Caucasian people compared 
with Afro-Americans and Asians. The incidence of kidney carcinoma is in- 
creasing by 2% annually. 

1.8% of cancer-related deaths are attributable to kidney carcinoma. In 
2020, 179.368 cases of death from kidney carcinoma were registered global- 
ly (in 2012, about 143,000), ranking 16th among all causes of cancer-related 
death, 


ETIOLOGIC FACTORS 
Environmental factors 


Several environmental factors are known, exposure to which is associat- 
ed with an increased risk of renal carcinoma. 

Tobacco smoking is believed to be one of the causes of renal cell carci- 
noma and renal pelvis carcinoma (increases the risk of kidney carcinoma by 
1.6-2 times). Approximately 30% of kidney carcinoma cases in men and 
15% in women are attributable to smoking. Quitting of smoking decreases 
the increased risk of kidney carcinoma: the risk in people who stopped 
smoking 10 years ago is similar to that in non-smokers. 
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Exposure to phenacetin (an analgesic and antipyretic drug that had been 
used from 1887) is believed to be one of the causes of kidney carcinoma, 
Since 1973 it has been withdrawn from use in medicine in most countries, 

Exposure to trichloroethylene is believed to be one of the causes of kid- 
ney carcinoma, Trichloroethylene is a volatile, liquid organic chemical sub- 
stance, commonly used as a powerful industrial solvent (see page 349), Ac- 
cording to data, exposure to trichloroethylene is associated with a 32% in- 
creased risk of kidney carcinoma. 

Long term exposure to above normal arsenic (and exposure to inorganic 
arsenic compounds) and cadmium are considered one of the probable causes 
of kidney carcinoma (see page 154). 

Exposure to perfluorooctanoic acid is considered a possible cause of 
kidney carcinoma (testicular carcinoma as well). 


Perfurooetanoie wd man-made chemical is se inthe production of polit. 
rote (mde name selon) and similar chemin (anown as Nuoeomers), Due 


Rey sit uk sels ue RSae pts! perraecenuanaee a 
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tand microwave popcorn bags. People are exposed to perfluorooctancic acid not only in 
industry ‘compounds ‘it 


the of ‘and their derivatives, but also when using the 
‘ ‘When heating pans covered with teflon and microwave popcom. 
‘bags, the derivatives of ‘can break into acid, 


Of Americans have these chemical substances in their blood according to data of Centers 
for Disease Control and Prevention (USA), 

Exposure to aristolochic acid is believed to be one of the causes of kid- 
ney carcinoma (renal pelvis carcinoma) and ureter carcinoma. People are 
‘exposed to this substance when treating with traditional Chinese herbs con- 
taining Aristolochia and Asarum species. The risk of kidney carcinoma in- 
creases by 6 times in individuals who used those herbal medicines for a long 
time, It should be noted that 40-45% of patients with aristolochic acid 
nephropathy develop multifocal transitional cell carcinoma of the renal pel- 
vis and the proximal third of the ureter. 


Exposure to ionizing radiation is believed to be one of the causes of kid- 
ney carcinoma. 
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Diseases associating with a high risk of kidney carcinoma 

Urolithiasis is associated with a 1.4-fold increased risk of developing 
kidney carcinoma. 

Risk of developing kidney carcinoma is higher by 4-fold in individuals 
with end-stage chronic renal disease receiving renal dialysis, and the risk 
increases in parallel with the years of dialysis. The risk is particularly higher 
in people with Balkan endemic nephropathy (this type of nephropathy is en- 
demic for certain Balkan countries: Serbia, Bosnia and Herzegovina, Croa- 
tia, Bulgaria, and Romania), which progresses slowly to end-stage chronic 
renal disease and is characterized by a high risk of renal pelvis carcinoma 
(as in cases of aristolochic acid nephropathy). 

Obesity is believed to be one of the causes of renal carcinoma, Nearly 
25% of kidney carcinoma cases are attributable to obesity. The risk increas- 
es in parallel with BMI level: the risk is >20% higher in overweight people 
(BMI 25.0-29.9 kg/m?), and >60% higher in obese individuals (BMI >30.0 
kg/m’), 


Inherited disorders 


Approximately 4% of kidney carcinoma cases develop due to inherited 
factors. The risk of kidney carcinoma is 2.5-fold higher in individuals whose 
one of the first-degree relatives has a history of renal carcinoma. The fol- 
lowing best-known inherited disorders are associated with an increased risk 
of developing kidney carcinoma: 

von Hippel-Lindau disease, 

Birt-Hogg-Dubé syndrome, 

Tuberous sclerosis, 

Hereditary papillary renal cell carcinoma type 1, 

Hereditary leiomyomatosis and renal cell carcinoma, 

BAP! tumor predisposition syndrome, 

Cowden syndrome, 

Lynch syndrome, etc. 


Von Hippel-Lindau disease, a rare hereditary, autosomal dominant disor- 
der that occurs due to germline heterozygous mutation in VHL gene 
(3p25.5). Approximately one out of 30.000 newborns is born with this dis 
order (one family with this disorder is seen per 1 million people). About 
20% of the patients with von Hippel-Lindau disease have no family history; 
in those cases, the disease occurs due to de novo mutation in the aforemen- 
tioned gene. Mutation in this gene leads to "pseudohypoxic” state that is ac- 
companied by activation of HIF (HIF-la and HIF-2a, hypoxia-inducible 
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Figure 22.1, MRI of a 26-year old female patient with von Hippel-Lindau disease, The 
Patient's father and brother also have von Hippel-Lindau disease. A — Gd-enhanced T1- 
Weighted image of cerebellum show's multiple cerebellar hemangioblastomas (arrow). She 
also had a spinal cord hemangioblastoma at 1th thoracic vertebra level; B - T1-weighted 
image of the abdomen shows @ renal eyst (green arrow) and multiple pancreatic cysts 
(blue arrows), At age 36 years. the patient was found to have hemangioblastoma of the 
left optic nerve. Kanno H, Osano S, Shinonaga M. VHL-associated optic nerve hemangi- 
oblastoma treated with stereotactic radiosurgery. J Kidney Cancer VHL, 2018, 5 (2): 1-6. 
Available under the CC BY 4.0 license. 

factor 1- and 2-alfa). HIF controls certain genes, which are involved in cell 

division and formation of new blood vessels (by induction of VEGF produc- 

tion), and erythropoiesis (by regulation of erythropoietin production). It 

should be noted that all types of tumors in von Hippel-Lindau disease are 

highly vascularized due to the activation of HIF-2a, which ultimately leads 
in VEGF production. 

Von Hippel-Lindau disease is characterized by visceral cysts and benign 
tumors in various organs, which can be transformed into cancers (Figure 
22.1), The oncologic spectrum of this disorder includes also pheochi 
toma (frequently) and pancreatic islet cell tumors (less frequently) 
teria of the disease include retinal and cerebral hemangioblastoma, multiple 

i and high malignization risk of renal cysts. 

‘ull penetration of the disease occurs at the age of 60. Despite the character- 

istic neoplastic damage to multiple organs, recognizing the disease is not 

always easy, 

Retinal hemangioblastoma (called also retinal hemangioma) is diagnosed in 50% of 
tients with von Hippel-Lindau disease and feeds on large vessels that can be found any- 
‘where on the retina and is found at an average age 29 years. Despite the fact that this le- 
‘sion is asymptomatic. it is accompanied by a significant rate of complications in vision. 
Filtration of blood plasma from retinal hemangiomas leads to retinal exudation. These 
pathological processes can lead to the development of glaucoma, detachment ofthe cribri- 


to an incre 
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form meshwork, bleeding into the vitreous body, and as a result, to complete loss of vi- 
sion. Approximately 25% of patients with retinal hemangioblastoma are at risk of devel- 
oping CNS hemangicblastoma 


Approximately 70% of patients with von Hippel-Lindau disease develop CNS heman- 
ioblastoma, the average age at the detection of which is 25 years. CNS hemangioblasto- 
mas are the second cause of death after kidney carcinoma in these patients, CNS heman- 
‘pioblastomas are mainly observed infratentonally, 80% of these tumors develop in the 
cerebellum, 20% in the spinal cord. These lesions progresses to enlarged cystic neoplasms 
inhalf ofthe cases, 


Patients with von Hippel-Lindau disease are at high risk of developing pheochromocy- 
toma These neuroendocrine tumors are mostly benign. The mentioned tumor is mostly 
observed in young people (mean age, 30 years), often multiple, and hyperproduction of 
catecholamines is observed in only one third of patients. Pheochromocytoma is most of- 
ten asymptomatic oF may be associated with occasional episodic hypertension. Depending 
on the type of the mutations (mutation with truncation or missense mutation) in the V2HL 
‘gene, which define types 1, 2A, 2B and 2C of this disease, pheochromocytoma develops 
with different rate in patients with von Hippel-L indau disease. 

‘The first manifestation of von Hippel-Lindau disease can be observed at 
any age, from first months till ninth decade of life (mean age at diagnosis is 
26 years). 35-45% of the patients with this disease develop renal cell carci 
noma. The average age of diagnosis of renal carcinoma is 44 years, which is 
20 year earlier than that of sporadic kidney carcinoma. The older the age of 
the patients, the higher the risk of malignization of renal cysts. About 70% 
of the patients develop renal carcinoma at age 60 years. In patients with von 
Hippel-Lindau disease, the main cause of death is kidney carcinoma, 

Birt-Hogg-Dubé syndrome is a rare hereditary, autosomal dominant dis- 
order, genodermatosis that occurs due to germline heterozygous mutation in 
FLCN gene (17p11.2). So far, 400 families with this syndrome were report- 
ed in literature. This gene encodes a specific protein, folliculin, which has 
tumor suppressor activity. Inactivation (mutation) of FLCN gene is accom- 
panied with activation of mTOR signaling pathway, which is one of the cas- 
cade pathways in tumorigenesis. Birt-Hogg-Dubé syndrome is characterized 
by papular skin lesions (fibrofolliculomas, trichodiscomas, acrochordons) 
over scalp, face, neck, chest and back; multiple or bilateral kidney carcino- 
ma; lung cysts and spontanous pneumothorax. 

Kidney carcinoma occurs in 14-34% of individuals with Birt-Hogg-Dubé 

syndrome during their lifetime: mostly mixed (hybrid) carcinoma, chromo- 
phobe carcinoma (33%), and relatively rarely clear cell carcinoma. Kidney 
carcinoma is detected at age 20-83 years (mean age, 46 years). Pulmonary 
cysts are found in 80-90% of the cases. ‘The lifelong risk of spontaneous 

pneumothorax is 30%, In patients with Birt-Hogg-Dubé syndrome, connec- 
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live tissue naevi, parathyroid adenoma, parathyroid oncocytoma, bullous 
emphysema, lipoma, angiolipoma, etc. are also often seen. 

iuberous sclerosis (Bourneville disease), not uncommon hereditary, au- 
tosomal dominant disorder that occurs due to germline heterozygous muta- 
tion in one of the two genes: TSC/ (9434.13) or TSC2 (16p13). One out of 
8,000-14,000 newboms is bom with this disorder, 7SC/ gene encodes 
hamartin, TSC2 gene tuberin, which together forms tumor suppressor com- 
plex that inactivate Rheb protein, forming Rheb-GDP (Rheb bound to GTP 
is in an active state and acts as a positive effector of mTOR signaling path- 
way). Therefore, inactivation (mutation) of the aforementioned genes finally 
leads to the activation of mTOR signaling pathway (see above), 

Skin changes are the most prominent signs of tuberosis sclerosis, which 
appear as a angiofibromas (or adenomas sebaceum or cutaneous hamarto- 
mas) on the face in the childhood; hypomelanocytic maculas (“ash leaf" 
sign) that are found on the body and buttocks; "eafé-au-lait” spots, ete. Skin 
changes include also periungual (Koenen tumor) and gingival fibromas, 
which are seen in 80% of the cases (Figure 22.2). Fibromas localized on the 
lower back is called "shagreen patch", which is characterstic of tuberous 
sclerosis and is considered a major feature in the diagnostic criteria of this 
disorder. It should be noted that skin changes are found almost in all pa- 
tients. 

In most of the patients with tuberous sclerosis, tubers and subependimal 
giant cell astrocytomas occur in the CNS. Tubers are considered hamarto- 
mas, which are located on the cerebral cortex and leads to the development 


Figure 22.2. Oral and dermatologic manifestations of tuberous sclerosis, A — gingival 
fibromas of the mandible, B= hypomelanotic macula (Yash leat") of the right leg. Ja- 
cinthe L, Jean-Hughes C, Mathilde L et al Oral and skin manifestations of tuberous scle- 
rosis complex. J Oral Med Oral Surg, 2019; 25: 34-37, Available under the CC BY 4.0 
license 
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of hydrocephalus, 80-90% of those patients suffer from me 
ble epilepsy. 

In 50-60% of individuals with tuberous sclerosis, heart rhabdomyoma is 
found, It should be noted that 50-85% of the cases of heart rhabdomyoma in 
children are associated with tuberous sclerosis. The patients can develop 
retinal astrocytomas (in more than half of the patients) and cystic lung dis- 
es (in 40% of the patients, mostly in women), 

Four different lesions can develop in the kidney of individuals with tu- 
berous sclerosis: angiomyolipoma (in 50-80% of the cases), isolated renal 
ysts (in 10-20% of the cases), polycystic kidney disease (in 2-3% of the 
eases) and renal cell carcinoma (in 1-2% of the cases). 

Inherited papillary renal cell carcinoma type | is a rare hereditary, auto- 
somal dominant disorder that occur due to germline heterozygous mutation 
in MET gene (7931). So far, approximately 30 families with this disorder 
Were reported in literature, MET gene encodes one of the tyrosin kinase re- 
ceptors Which reacts to hepatic growth factor. Individuals with this disorder 
have very high risk of developing renal carcinoma at age 50-80 yeas; 90% 
of patients with this syndrome can 
develop renal carcinoma during 
their lifetime. The number of micro- 
scopic cancer foci can reach 1100- 
3400 (Figure 22.3). The only malig- 
nancy associating with this disorder 
is kidney carcinoma. Renal carci- 
noma in individuals with this syn- 
drome is detected occasionally and 
have favorable clinical course. Di- 
agnosis is clinically suspected on the 
basis of familial papillary renal cell 
carcinoma and can be confirmed by 
detection of germline MET-mutation 
on the basis of gen 

Inherited leiomyomatosis and re- 
nal cell carcinoma is a rare heredi- 
tary, autosomal dominant syndrome 
that occur due to germline heterozy- 
gous mutation in FI gene (1443), 
So far, 180 families with this disor- 
der were reported in literature. FH 
gene encodes fumarate hydratase, a 
very important enzyme in aerobic 
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Figure 22.4, 52-year-old female patient with incidentally detected right renal mass (A) 
She had also multiple brown to pink colored nodules and papules over her back, right 
tarm, right shoulder (B) and chest regions consistent with cutaneous leiomyomatosis. She 
hhad undergone abdominal hysterectomy st age 32 years for multiple uterine fibroids and 
menorrhagta, Histopathology report was consistent with uterine leiomyoma. Her daughter 
aged 26 years was recently diagnosed to have multiple uterine fibroids with menstrual 
irregularities but did not have skin lesions. Babu MB, Bansal D, Mehta N etal. Hereditary 
leiomyomatosis and renal cell carcinoma: variant of Reed’s syndrome - a rare case report 
Austin J Clin Case Rep, 2016, 3: 1090. Available under the CC BY 4.0 license 


metabolism. This enzyme catalyzes fumarate to malate in Krebs cycle. Like 
VHL-mutations, inactivation (mutation) of FH gene results in "pseudohy- 
poxie” state that is accompanied by HIF activation (increased titer of 
fumarate activates HIF). HIF activation, in its turn, stimulates release of 
', PDGF and T 


terized by the development of leiomyoma of the 
uterus (in 85-90% of the cases), leiomyoma of the skin (in all men aged <35 
years, and in $5% of women) and papillary renal cell carcinoma type 2 (in 
20-25% of the cases). Leiomyoma of the uterus can be transformed into 
leiomyosarcoma, Kidney carcinoma is detected at young ages (mean age, 40 
years) even at age 11 years (Figure 22.4). Renal carcinoma in these individ- 
uals occur unilaterally, but it is the most aggressive inherited carcinoma 
The disorder is diagnosed on the basis of genetic testing confirming the H- 
mutation, It should be noted that no known cases of kidney ca 
observed due to sporadic FH-mutation. 

BAP! twmor predisposition syndrome is associated with an increased risk 
of developing renal cell carcinoma in addition to other tumors (see page 
198), Kidney carcinoma observed in association with this disorder demon- 
strate familial clear cell renal carcinoma. 


reinoma are 
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Cowden syndrome is also associ- 
ated with an inereased risk of devel- 
oping of renal cell carcinoma in ad- 
dition to many other tumors (see 
page 412). The risk of developing 
kidney carcinoma is 30-fold higher 
in individuals with Cowden syn- 
drome, In other words, kidney car- 
cinoma can be found in 3-17% of 
patients with this disorder. Papillary 
renal carcinoma type 1 is the most 
common histologic subtype, which 
is followed by chromophobe care 
noma and clear-cell carcinoma (Fig- 
ure 22.5). Kidney carcinoma is de- 
tected in relatively younger age (be- 
ginning from fourth decade of life) 
compared to sporadic renal carci- 
noma. 

Lynch syndrome is also associat- 
ed with an increased risk of devel- 
oping kidney carcinoma in addition 
to many other tumors (see page 
406). Apart from typical malignan- 
cies (colorectal carcinoma, endome- 
trial carcinoma, gastric carcinoma, 
ovarian carcinoma), oncologic spec- 
trum of Lynch syndrome may in- 
clude other cancers as well. One of 
the latter cancers is urothelial carei- 
noma of renal pelvis (as well as 
urothelial carcinoma of the bladder), 
3-11% of individuals with Lynch 
syndrome develop urothelial carci- 
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Figure 225. CT scanning shows tumor 
(chromophobe carcinoma) in the right kid- 
ney (white arrows) in # 56-year-old male 
Patient with Cowden syndrome. 4 years ago, 
he was found to carry a CG substitution 
at base 176, ¢.176C>G in exon 3 of 
the PTEN gene, changing amino acid num- 
ber 59 from serine to a stop codon, p:SSOX. 
All of his living kindred (three children, 
‘brother, and nephew) were found to car- 
ry PTEN mutations. His mother and sister 
had died of breast carcinoma at 42 and 
38 years old, respectively. prior to family 
genetic testing Before his diagnosis of 
‘Cowden synrome, the patient had under- 
‘gone nasal polypectomy (at the age of 46 
‘Years) and two subtotal thyroidectomies for 
popillary thyroid carcinoma (at ages 27 and 
44 years, respectively). His 13-year-old son 
and 11- and 8-year-old daughters have been 
diagnosed with autism spectrum disorder 
‘The patient’s son, brother, and nephew de- 
veloped thyroid nodules. (nonmalignant) 
Gnuhl SL, Sharma P, Han TS. A family with 
PTEN mutations with malignancy and an 
unusually high number of offspring with 
autism spectrum disorder: case report. J 
Med Case Reports, 2018, 12; 353-358. 
Available under the CC BY 4 0 license 


noma of the upper urinary tract. The risk of renal pelvis carcinoma is 20- 
fold higher in patients with Lynch syndrome. ‘The risk is particularly higher 
in cases with MSH2 (6%) and ML/11 (3%) gene mutations. 

Kidney carcinoma is also associated with other less known inherited dis- 
orders: inherited succinate dehydrogenase-deficiency (due to heterozygous 
mutation in SDH genes, most commonly in SDHB gene, 1p36.13), hy 
perparathyroidism-jaw tumor syndrome (due to heterozygous mutation in 
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HRPT2 gene, 1931.2), and germline heterozygous mutation in CHEK2 gene 
(2212.1). 


Conditions associating with an increased risk of kidney carcinoma 


Some conditions are associated with an increased risk of developing kid- 
ney carcinoma, Some of them may have common etiologic factors, inherited 
disorders or underlying diseases with renal carcinoma. 

History of lung carcinoma is associated with an increased risk of kidney 
carcinoma, 

Family history of some malignancies (prostate carcinoma history in fa- 
ther; head and neck carcinoma, thyroid carcinoma, non-Hodgkin lymphoma 
or testicular carcinoma history in siblings) is associated with an increased 
risk of kidney carcinoma. It is not excluded that this risk is associated with 
possible hereditary genetic mutations, the oncologic spectrum of which in- 
cludes the mentioned tumors. 

Arterial hypertension is associated with a 1.5-2.0-fold higher risk of kid- 
ney carcinoma. This higher risk may theoretically be linked to chronic renal 
hypoxia caused by arterial hypertension, which activates factors inducible 
by hypoxia (like in cases of HL or FH gene mutations); or this association 
may be explained by chronic renal failure accompanying arterial hyperten- 
sion. It is not excluded that arterial hypertension in some cases can be 
caused by early stage renal carcinoma. 

Use of diuretics, statins or NSAIDs for a long period is associated with an 
increased risk of renal carcinoma (by 1.5-2.0-fold, 1.6-fold and 1.4-fold, re- 
spectively). 

History organ transplantation is associated with a 5-7-fold higher risk of 
renal carcinoma. The risk is particularly higher in individuals with a history 
of kidney transplantation, possibly due to chronie renal failure, 

History of some autoimmune diseases (Crohn's disease, rheumatoid ar- 
thritis, sarcoidosis) is associated with an increased risk of renal carcinoma, 


CARCINOGENESIS 


‘The cell origin of different types of renal cell carcinoma is different: 
clear cell carcinoma arises from epithelium of the proximal convoluted tu- 
bules; papillary renal cell carcinoma is thought to originate from both prox- 
imal and distal convoluted tubules; cell origin of chromophobe renal cell 
carcinoma is intercalated cells of distal convoluted tubules. 

In pathogenesis of renal carcinoma, various tumor suppressor genes and 
proto-oncogenes play role. The V/HL gene, a tumor suppressor gene is mu- 
tated in a great proportion of cases of sporadic clear cell renal carcinoma. 
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Inactivation of this gene also occurs due to translocation between 3p (the 
VEL gene is located in the locus 3p25.5) and either chromosome 6 or chro- 
mosome 8. As shown above, mutations (inactivation) of VHL gene result in 
accumulation of HIFs (proteins encoded by the IL gene is a component of 
VCB-CUL2 that normally degrade proteins including HIFs) that stimulate 
angiogenesis through VEGF and VEGER: it makes VEGF and VEGER be 
important new therapeutic targets. It should be noted that mutations in HL 
gene are not observed in papillary cell and chromophobe cell renal carcino- 
mas. 

‘The mutation in MET gene has been determined to cause hereditary pa- 
pillary renal cell carcinoma type 1 and occurs in a small percentage of the 
mentioned type of renal carcinoma. The FH gene involved in the pathogene- 
sis of hereditary papillary renal cell carcinoma type 2 is not mutated in spo- 
radic cases. 

Chromophobe renal cell carcinoma demonstrates very low rate of somat- 
ic mutations and two well-established tumor suppressor genes are frequently 
mutated: 7P53 and PTEN. 

‘The SDH genes (SDHB, SDHC, SDHD and SDHA, in descending order) 
involved in the pathogenesis of renal cell carcinoma are not mutated in spo- 
radic cases. 

It should be noted that mutations in the IHL, FH and SDH genes result in 
the development of various types of renal carcinoma causing "pseudohypox- 
ic" state through distinct mechanisms. Regardless of the mechanism of 
“pseudohypoxic" state, it results in accumulation of HIFs that stimulate re- 
lease of VEGF, PDGF and TGF-a, which play an important role in renal 
carcinogenesis and angiogenesis. 

Mutations in the 7SC/ and TSC2 genes that are characterized by inactiva- 
tion of the functions of these genes, finally lead to the activation of mTOR 
signaling pathway. mTOR is an intracellular serine/threonine kinase that 
regulates several aspects of cell growth, proliferation, movement, and sur- 
vival. The abnormal activation of the mTOR signaling pathway results in an 
unbalance in cell growth signals, leading to carcinogenesis. 


PATHOMORPHOLOGY 


in the following histological types, depending 
on the epithelium, from which it is originated: renal cell carcinoma (90%) 
that arises from epithelium of convoluted tubules; transitional cell earcino- 
ma (10%) that arises from uroepithelium of renal pelvis and calyces. Renal 
cell carcinoma further is divided into three subtypes, depending on cell of 
origin (see above): clear cell carcinoma (70-80%); papillary cell carcinoma 
(10-15%) and chromophobe cell carcinoma (3-5%). There are two subtypes 
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cinoma with different molecular-genetic, biological 
papillary renal cell carcinoma type 1 (2/3 of the 
eases) and papillary renal cell carcinoma type 2 (1/3 of the cases). 

Renal carcinoma is a solitary and unilateral lesion in most of the cases. 
Among all subtypes of renal carcinoma, papillary renal cell carcinoma type 
1 is the most frequent to be multifocal and bilateral. 

AS the tumor extends towards renal sinus (renal capsule involvement is 
2-fold rarer and is always associated with renal sinus involvement), it gets in 
contact with abundant lymphatics and vasculature within the sinus fat and 
invades them. Therefore, renal carcinoma can spread by lymph flow or ve- 
nous blood flow from its primary site, Different types of renal cell earcino- 
ma have different propensity for either vascular or lymphatic invasion. 
‘Thus, invasion of clear cell renal carcinoma into renal sinus involves renal 
vein, leading to a higher risk of distant metastasis than locoregional spread. 
Lymphatic spread is the most common pattern of metastasis in papillary and 
chromophobe subtypes of renal cell carcinoma. Chromophobe renal carci 
noma and papillary renal cell carcinoma type 1 are the lowest aggressive 
subtypes of renal cell carcinoma with very low risk of distant metastasis 

‘The most common involved sites of distant metastasis in clear cell renal 
carcinoma are: the lungs (35-85%), bones (20-25%), brain (7-13%), liver (5~ 
20%), and cutaneous sites (7-10%). Intraabdominal lymph nodes are in- 
volved in 3-35% of the cases. 


Staging of renal carcinoma 
‘TNM staging of renal carcinoma is detailed on page 688. 


CLINICAL PRES! 


NTATION 


More than half of cases of renal cell carcinoma are asymptomatic at ini- 
tial presentation and detected incidentally. The asymptomatic cases are de- 
tected in imaging workup for other medical conditions, Clear cell renal car- 
cinoma is more likely to be symptomatic at initial diagnosis compared with 
other histological types of renal cell carcinoma (the less symptomatic is pa- 
pillary renal cell carcinoma). 

‘The general signs of the disease include anemia (in >50% of the cas 
due to occult or gross hematuria or paraneoplastic syndrome), weight | 
(in 20-25% of the cases), malaise (in about 20% of the cases), anorexia (in 

10% of the cases). Nights sweats, fever and hypertension are presented 
rarely (in 10-20% of the cases). 

Gross hematuria (due to bleeding from the tumor) is presented in about 
25% of the cases. Flank pain as another local symptom of the disease is pre- 
sented in 20-40% of the cases. 
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Renal carcinoma is a unique malignancy in that 30-40% of the affected 
patients demonstrate signs and symptoms of paraneoplastic syndrome. The 
manifestation of paraneoplastic syndromes associated with renal cell carci- 
noma range from constitutional symptoms (fever, cachexia, and weight loss) 
to metabolic and biochemical disorders that include endocrine (hypercalce~ 
mia, hypertension, polyeytemia, nonmetastatic hepatic dysfunction, Cushing, 
syndrome, etc.) and nonendocrine abnormalities (amyloidosis, anemia, neu- 


romyopathy, vasculopathy, nephropathy, coagulopathy, etc.) It should be 
noted that the presence of paraneoplastic syndromes in patients with renal 
cell carcinoma is neither a marker of metastatic disease nor necessarily in- 
dicative of a poor prognosis. 


Hypercalcemia is the most common paraneoplastic syndrome in patients 
with renal cell carcinoma, affecting 15-20% of the patients. Despite the fact 
that 50% of the patients with hypercalcemia have bone metastasis, hyper- 
calcemia secondary to bone metastasis is not a true paraneoplastic syndrome 
and is called metastatic hypercalcemia. Hypercalcemia appeared as a para- 
neoplastic syndrome is defined as the elevation of serum calcium level in 
patients with tumor without bone metastasis. The possible mechanism of 
hypercalcemia involves production of parathyroid hormone and parathyroid- 
like protein by tumor, or as a result of altered gene expression. 

The second most common paraneoplastic syndrome seen in patients with 
renal cell carcinoma is hypertension. Although its incidence is about 20%, 
approximately 40% of the patients with renal cell carcinoma experience hy- 
pertension. Hypertension is typically associated with a low grade clear-cell 
histology. Potential mechanism of hypertension in affected patients includes 
increased renin production, compression of the parenchyma and poly- 
eytemia. 

Nonmetastatic hepatic abnormalities (Stauffer syndrome) is observed in 
3-32% of the patients with renal cell carcinoma, The cause of this phenome- 
non is poorly understood, Nonmetastatic hepatic abnormalities can resolve 
with nephrectomy and recur with disease relapse. 


DIAGNOSTICS 

Following good history taking, physical examination is carried out and 
these steps of diagnostics can provide with valuable information for diagno- 
sis. A palpable mass in the flank or abdomen can be detected in about 25% 
of the cases, ‘The classic triad of flank pain, hematuria and flank mass is un- 
common (is observed about 10% of patients), and indicative of advanced 


disease. Microscopic hematuria is more common compared with gross he- 
maturia. Gross hematuria with vermiform clots (as a result of clot formation 
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in the corresponding ureter) and bloody urine throughout the stream are 
suggestive of upper urinary tract bleeding. 

When kidney diseases, including renal tumor are suspected on the basis, 
of clinical examination, objective diagnostic modalities should be used, US 
is a commonly used imaging study in the detection of kidney carcinoma and 
can provide with valuable information about the existence of kidney neo- 
plasia, its structure (cystic or solid) and size. US is less informative in as- 
sessment of intraabdominal lymph nodes, but liver metastasis can easily be 
detected by this imaging method. CT and MRI are better in assessment of 
the stage (Figure 22.6). Contrast-enhanced biphasic and triphasic spiral CT 
also has some value in preoperative distinction between histological sub- 
types of renal cell carcinoma. Mixed enhancement pattern (high-attenuation 
hypervascular solid component with low-attenuation areas indicative of ne- 
erotic or cystic changes) is highly suggestive of clear cell renal carcinoma 
and seen in 80-90% of the cases (this pattern is also seen in 40-60% of on- 
cocytoma cases). It is important to note that focal cystic necrosis is more 
common and extensive cystic degeneration is observed in <15% of cases, 

It should be noted that cystic mass detected on imaging studies should be 
observed, but in patients with solid mass, complete workup (including eval- 
uation for vascular invasion and distant metastasis) should be conducted. 

Given the fact that approximately 30% of patients with renal cell carci- 
noma have distant metastasis at the initial diagnosis, the most commonly 
involved sites should also be checked. Therefore, contrast-enhanced thorac- 
ic, abdominal and pelvic CT is mandatory for accurate staging. The use of 


bone scan and brain CT or MRI is not recommended routinely, unless indi- 
cated by clinical or laboratory signs or symptoms. 
Percutaneous needle core biopsy should be conducted in patients who are 


not candidates for radical nephrectomy (because of unresectability of the 
tumor or comorbidities of the patient). This diagnostic method can demon- 
strate 78-98% accuracy for deter- 
mining the histological subtype of 
renal tumors 

Once renal carcinoma is diag- 
nosed, pretreatment (preanesthesia) 
evaluation includes complete blood 
cell count, comprehensive metabolic 
panel, chest radiography, and ECG, 
which assist in determining optimal 


therapy. 
Histopathologic examination of 
surgical specimen (resectate) deter- 


Figure 22.6. CT view of renal cell careino- 
ma of the left kidney with metastatic re- 
tional lymph node (arrow). 


536 


Bayramov RB ‘Textbook of Oncology 


mines the histological type of carcinoma, its degree of differentiation, T- 
stage and assess the removed lymph nodes, which are important for final 
pathologic staging and planning further treatment. 


TREATMENT 


‘The treatment strategy for curative intent strictly depends on the stage of 
the kidney carcinoma. Surgery remains the only known most effective 
treatment modality which is able to provide cure in patients with localized 
of metastat- 
Partial or radical nephrectomy may be used depending on tumor 
and patient's characteristics, Surgery can be performed by open or laparo- 
scopic surgical techniques. 


Surgical treatment 


For TI renal mass (< 7.0 cm), partial nephrectomy is recommended: rad- 
ical nephrectomy should not be used when nephron-sparing surgery is pos 
sible. For T2b tumors, partial nephrectomy or radical nephrectomy can be 
carried out as a standard option. Partial nephrectomy is also the standard of 
care for patients with compromised renal function, solitary kidney or bilat- 
eral tumors, with no tumor size limitation (imperative indication). 

Radical nephrectomy is the most commonly performed surgical proce- 
dure for locoregional renal carcinoma because of the highest rate of cure and 
the lowest rate of local recurrence following this surgery. Radical nephree- 
tomy includes complete removal of Gerota fascia and its content, perirenal 
fat, ipsilateral adrenal gland in conjunction with the affected kidney. There 
fore, radical nephrectomy provides a better surgical margin than simple re- 
moval of the kidney because perirenal fat and regional lymph nodes may be 
involved in certain percentage of patients. It should be noted that some sur- 
geons believe that adrenal gland should not be removed because of low 
probability of its involvement. So it is recommended that ipsilateral adrenal 
gland removal can be performed in patients with large upper pole tumor or 
adrenal gland appears abnormal on CT if adrenal gland is uninvolved, 
adrenalectomy is not recommended. Likewise, extensive lymph node dis: 
section is not recommended when abdominal CT shows no evidence of 
lymph node involvement. 

Regional lymph nodes are involved in 20-25% of clear cell renal carci- 
noma. Involvement of regional lymph nodes substantially decreases the S- 
year survival rate in patients with stage I and II disease, That is why, per- 
forming LND in those cases should be an integral part of the surgery. 
Lymph node dissection (LND) adds little in terms of time or risk of radical 
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nephrectomy. Guidelines recommend LND only in cases of enlarged re- 
gional lymph nodes (visible or palpable during surgery or detected on pre- 
‘operative imaging). According to data from conducted trials, adding LND to 
radical nephrectomy in cases with unenlarged lymph nodes makes no differ- 
ence in time to progression, progression-free survival, or overall survival. 

Nephrectomy can also be performed by laparoscopy technique. Despite 
associating shorter recovery time and blood loss, operating room time and 
costs are higher for laparoscopic nephrectomy. The other disadvantages in- 
slude concems about spillage of tumor eells and technical difficulties in 
providing adequate surgical margins. Nevertheles: 
tomy can be considered at centers with higher e3 
for early stage (T1/T2) renal cell carcinoma. 

Palliative nephrectomy should be considered in patients with limited vol- 
umes of metastatic disease and good performance status for mitigation of 
symptoms such as pain, hemorrhage, hypercalcemia, erythrocytosis, or hy- 
pertension. Despite the documented reports about some cases of regression 
of distant metastasis after palliative nephrectomy, this procedure is not ree- 
ommended for intent to induce spontaneous regression of metastasis. It is 
also reported that palliative nephrectomy performed before immunotherapy 
improves overall survival of patients with metastatic renal cell carcinoma. 

Metastasectomy can be considered in selected patients, When required, 
complete metastasectomy should be executed. 


‘Thermal ablation 


Radiofrequency ablation (RFA) or eryoablation are options in patients 
with small cortical tumors (<3.0 em), particularly in patients who are frail, 
present a high surgical risk, and those with a solitary kidney, compromised 
renal function, hereditary renal cell carcinoma or multiple bilateral tumors, 
Despite its low complication rate, the local ablation methods are associated 
with a higher risk of local recurrence compared with partial nephrectomy. 
Biopsy should be carried out in all patients undergoing thermal ablation, 


Chemotherapy 


Renal cell carcinoma is refractory to most of the chemotherapeutic agents 
because of multidrug resistance mediated by p-glycoprotein. Renal cell car- 
cinoma (as well as normal renal proximal tubules) express high level of p- 
glycoprotein. Calcium canal blockers (and the other drugs that interferes 
With the function of p-glycoprotein) can diminish resistance to vinblastine 
and anthracyelines in renal cell carcinoma. Nevertheless, some chemothera- 
peutic regimens based on floxuridine, 5-FU, vinblastine, carboplatin or 
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gemcitabine are used in the treatment of renal cell carcinoma with low re- 
sponse rate, Therefore, adjuvant and neoadjuvant therapies are not recom- 
mended for patients with renal cell carcinoma. No systemic therapy is rec- 
ommended after metastasectomy. 


Immunotherapy 


Interleukin-2 and interferons have been used in advanced and metastatic 
renal cell carcinoma. The current recommendation is to conduct the treat- 
ment with high-dose interleukin-2 (up to 6 cycles if good response is ob- 
served) until toxic effect becomes intolerable. Treatment should be discon- 
tinued after 2 cycles if regression is not achieved, Treatment with interferon 
alfa (IFN-a), which is derived from leukocytes, is associated with a 15% 
objective response rate. Treatment with interferons have been largely re- 
placed by single-agent molecular targeted therapy. Treatment with IFN-a as 
a single-agent therapy is currently not used and this agent is mainly em- 
ployed in combination with bevacizumab as first- or second-line therapy for 
metastatic renal cell carcinoma. 


Molecular targeted therapy 


‘The application of molecular targeted therapy has substantially altered 
the management of metastatic renal cell carcinoma. The targeted therapy is 
used as a first-line, second-line, and subsequent-line therapy. However, the 
optimal treatment strategy with the use of these agents is not yet defined and 
continues to evolve. 

In the systemic management of metastatic (advanced) renal cell carcino- 
‘ma molecular targeted therapy targeting different pathways are used, as a 
single agent or in combination. For this purpose multikinase inhibitors 
(sunitinib or pazopanib), anti-VEGF monoclonal antibody (bevacizumab in 
combination with interferon alfa IFN-a; serine-threonine kinase inhibitors of 
mTOR (temsirolimus or everolimus); tyrosine kinase inhibitor that inhibits 
activities of VEGF receptors (axitinib as a single-agent therapy or in combi- 
nation with avelumab; lenvatinib in combination with everolimus), anti-PD- 
1 monoclonal antibody (pembrolizumab in combination with axitinib; 
nivolumab in combination with avelumab or cabozantinib); anti-PD-L1 
monoclonal antibody (avelumab as a single-agent therapy or in combination 
with axitinib), small-molecule tyrosine kinase inhibitors (cabozantinib); 
small-molecule Raf kinase and VEGF multireceptor kinase inhibitor (sorat= 
enib). 

‘The preferred first-line regimens as a systemic therapy for relapsed or 
stage IV clear cell renal carcinoma in favorable-risk patients (see below) 
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are: bevacizumab combined with interferon, st 
recommended first-line treatments; sorafe 


itinib and pazopanib are 
dose interleukin-2 and 


pazopanib as a single-agent therapy: sunitinib as a sing 
itinib in combination with pembrolizumab; cabozantinib in combination 
with nivolumab. 

‘The recommended regimens as a systemic therapy for metastatic renal 
cell carcinoma cases in intermediate-risk and poor risk patients (see below) 
are: temsirolimus as a single agent or combined with interferon; ipilimumab 
in combination with nivolumab; axitinib in combination with pembroli- 
zumab; cabozantinib in combination with nivolumab. 


PROGNOSIS 


Renal carcinoma is not biologically very aggressive cancer. Death rate 
from renal cell carcinoma and renal pelvis carcinoma has decreased by 1% 
er year within the last decade. Except for stage I carcinoma, 5-year survival 
rates for other stages have remained essentially unchanged for several dec- 
ades. Nowadays, 5-year survival rates for localized renal cell and renal pel- 
vie carcinomas constitute 90-93% for localized disease, 70-72% for regional 
disease, and 12-13% for metastatic disease. 

Prognosis depends also on histological subtypes of renal cell carcinoma. 
‘The most favorable prognosis is associated with chromophobe renal cell 
carcinoma and papillary renal cell carcinoma type 1, and the poorest prog- 
nosis with papillary renal cell carcinoma type 2. 20-30% patients with lo- 
coregional clear cell renal carcinoma develop metastatic disease, while dis- 
tant metastasis develops in 5-10% of chromophobe renal cell carcinoma 
cases following radical surgery. 

‘The negative prognostic criteria for metastatic patients are: 1) time from 
initial diagnosis to starting of systemic therapy less than I year, 2) Karnof- 
sky performance status less than 80%; 3) hemoglobin concentration below 
the lower limit of the normal range; 4) serum calcium level above the upper 
limit of the normal range; $) platelet count above the upper limit of the 
normal range; 6) neutrophil count above the upper limit of the normal range. 

According to the described criteria, patients are categorized into 3 risk 
groups: 1) favorable risk group (no risk factors). 2-year overall survival rate 
reaches 75%; 2) intermediate risk (1-2 risk factors). 2-year overall survival 
rate constitutes 55%; 3) high risk group (23 risk factors), 2-year overall sur- 
vival rate constitutes 7%. 

According to data, BMI >25.0 kg/m? is a favorable prognostic factor in 
patients with metastatic disease treated with targeted therapy. 
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PREVENTION 


Nearly 40% of kidney carcinoma cases are related to lifestyle. It indirect- 
ly confirms that approximately 40% of the renal carcinoma cases can be 
prevented following some rules: 

Avoiding (quitting) smoking, 
Maintaining normal body mass; 
Having a physically active lifesty! 
Avoiding working in industries that provides inte1 
responding carcinogenic factors; 

Avoiding regular use of NSAID if possible; 
Having a balanced diet rich in vegetables and fruits, 


‘ive contact with cor- 


Screening for kidney careinoma 


Routine screening tests to detect early kidney carcinoma are not availa- 
ble, For individuals with hereditary syndromes associated with a high risk of 
kidney carcinoma or with a family history of kidney carcinoma, renal US or 
CT scans can be used to detect early-stage kidney carcinoma. 


Follow-up for kidney carcinoma survivors 


Follow-up of patients treated for stage I and II renal cell carcinoma in- 
cludes physical examination, chest radiography, comprehensive metabolic 
panel performed every 4 months for 2 years, every 6 months for third year, 
then annually for years 4 and 5. Abdominal CT scans should be used at 4-6 
months, then when clinically indicated. 

Follow-up of patients treated for stage III renal cell carcinoma includes 
physical examination, chest radiography, comprehensive metabolic panel 
performed every 4 months for 2 years, every 6 months for third year, then 
annually for years 4 and 5. Abdominal CT scans should be used at 4-6 
‘months, then annually or when clinically indicated 

Close observation is an option for asymptomatic metastatic (stage IV) 
disease. Appropriate therapy should be initiated in patients with evidence of 
symptoms, 
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EPIDEMIOLOGY AND STATISTICS: 


Bladder cancer ranks 10th (excluding cutaneous carcinoma) among all 
malignant tumors globally. In 2020, 573.278 new cases of bladder cancer 
were diagnosed globally (in 2012, about 429,000), accounting for 3.0% of 
all malignancies. Approximately 99% of all bladder cancer cases are at- 
tributable to bladder carcinoma. 

Bladder carcinoma is 4-fold more frequently found in men compared to 
women, One out of 39 men or 110 women has a lifetime risk of developing 
bladder carcinoma. This cancer is rarely found in people aged 40-50 years. 
90% of cases of bladder carcinoma are detected at age >35 years, 55-60% of 
cases at age >75 years. The highest incidence of bladder carcinoma is ob- 
served in people aged >90 years. 

‘The incidence of bladder carcinoma varies greatly across ethnic groups 
and regions of the world. The highest incidence of bladder carcinoma is ob- 
served in Eastem Europe, Wester, Southem and Northern Europe, North- 
em America, Australia and New Zealand; the lowest in South Central Asia, 
Eastern, Middle and Westem Africa. The highest global incidence rate 
among men is registered in Greece, among women in Hungary. In the Unit- 
ed States, bladder carcinoma is much more common (by 2-4 times) in Cau- 
casians compared to African Americans, Latino Americans and Asians. The 
incidence of bladder carcinoma is higher among urban population (especial- 
ly in industrialized cities) and in poorer regions. 

In the past three decades, the incidence of bladder carcinoma has de- 
creased by 38% in the developed countries (42% in men, 38% in women). 

Bladder carcinoma ranks 14th among all the causes of cancer-related 
death globally. In 2020, 212.536 cases of death from bladder cancer were 
registered globally (in 2012, about 165.000), accounting for 2.1% of all cas- 
es of cancer-related death. In the past three decades, the mortality from 
bladder carcinoma has decreased 21% in the developed countries (31% in 
‘men, 11% in women). 
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ETIOLOGIC FACTORS 


Environmental factors 


Smoking is a major risk factor for bladder carcinoma, and approximately 
40% (50% in men, 25-40% women) of bladder carcinoma cases are at- 
tributable to smoking (Figure 23.1). The risk increases in parallel with the 
increase in the number of cigarettes smoked per day and the duration of 
smoking. The risk of this cancer is 2-4 times higher in current smokers 
compared to never-smokers. The role of smoking in the development of 
bladder carcinoma is related to carcinogenic chemical compounds existing 
in the composition of cigarette smoke, such as PAHs, 2-naphthylamine, ni- 
trosamines and 4-aminobiphenyl. 

Cannabis smoking and opium smoking increase the risk of bladder carci- 
noma (by 4-fold) like tobacco smoking possibly via the same mechanism 
like smoking. 

Aromatic amines are one of the strongest bladder carcinogens. People are 
exposed to these chemical compounds due to their occupation, Aromatic 
amines are used in dyes. rubber products and textiles. They can also be 
found in pesticides. Work in the production of auramine (yellow dye) and 
fuchsine (purple-red dye), exposure to aminobiphenyl (used in the produc~ 
tion of azo dyes), benzidine (until the 70s of the 20th century it was widely 
used in the production of azo dyes, in medicine it was used for Gregersen 
test), 2-naphthylamine (previously used in the production of azo dyes) and 
ortho-toluidine (despite the ban in Western countries, still used in some 
countries in the production of dyes) are considered one of the causes of 
bladder carcinoma, 


Exposure to azo dyes is believed | 
to be one of the causes of bladder fal women 
carcinoma, These organic com- fa sereocteer race 
pounds are used as color additives Jum smoker men 


(£102, E110, £122, E124, E151) in 
the production of a wide range of 
food products. Azo dyes are the 
largest group of artificial food dyes, 
including 70% of the organic dyes 
generated in the world, It is mainly 
used to give yellow, orange, caramel 
and chocolate colors. It should be Figure 55 TAN SAGA RRL 
noted that some countries (the Unit- developing bladder carcinoma in women, 
ed States, Canada, Norway. Finland, nonsmoker men and smoker men, according 
Japan, ete.) have abandoned the use © dita fram corresponding studies. 
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of azo dyes in food production, Azo dyes are also used in the manufacture 
of cosmetics and hair dyes. Therefore, azo dyes are the most common car- 
cinogenic agents for bladder carcinoma. 

The commonest azo dyes in the food industry have been considered to be the yellow. 
ddyes (sunset yellow and tartrazine) and red dyes (azonubine, ponceau, amaranth, and al- 
Jura red). Azo dyes are used in the production of various carbonated, non-alecholic and 
alcoholic beverages, juices, hot chocolates, flayored milk drinks, yoghurts, fermented 
milk products, ice cream, margarines, bakery and confectionery products (cakes, pastries, 
sweets, puddings), pasta, sweets, croutons, syrups, jams, marmalades, desserts, jellies, 
mashed potatoes and instant soups, mustard, canned vegetables and fruits, chips, season= 

ings, sauces, semi-finished products, edible casings of sausages and cheeses, salty snacks, 
Geen iy a nd aloo procs 


Aromatic amines and azo compounds are eliminated from the body after conjugation 
With uridine S'liphospho-glucuronic acid (using the enzyme UDP-glucuronyltransfer- 
fase). After conjugation, they turn to water-soluble forms, which are excreted through 
the kidneys in the urine. The enzyme glucuronidase, existing in the lumen of the bladder, 
breaks down conjugated compounds and forms an active carcinogen, aminophenol. Ami- 
nophenol, like PAHs, damages the DNA (by combining with guanine) of urothelial cells 
of the bladder, thereby, leading to carcinogenesis and the development of carcinoma, The 
2-naphthylamine present in cigarette smoke also contributes to the development of blad- 
der cancer by a similar mechanism 

Exposure to chemical compounds used in rubber, dye and paint industry 
(4-aminobiphenyl, 2-naphthylamine, benzidine) are considered one of the 
auses of bladder carcinoma. Exposure to 4-aminobipheny! increases the 
isk of bladder carcinoma by 5-10 times; exposure to benzidine by 35 times; 
exposure to 2-naphthylamine by 200 times. Use of 2-naphthylamine in rub- 
ber and paint industry has been banned in many countries at different times, 
Currently, people are exposed to 2-naphthylamine mainly in the tobacco 
smoke. People are also exposed to these chemical carcinogens due to occu- 
pation where they use these dyes and paints (working in textile and leather 
factories, hairdresser, painter, ete.). It should be noted that the risk for 
developing bladder carcinoma is by 30-35% higher in artists, painters and 
hairdressers. 


2-naphthylamine is classified by IARC in the I group of carcinogenic agents (a group of 
‘agents with proven carcinogenicity). 2-naphthylamine has been used as an intermediate in 
the paint industry and as an antioxidant in the rubber industry. Due to its strong carcino- 
‘enicty, the production and use ofthis substance were banned in 1938 in Switzerland, in 
1952 in the United Kingdom, in 1960 in Italy, in 1972 in Japan, and in 1998 in the Euro- 
pean Union, 


According to data, in individuals who used permanent hair dyes at least once a month 
for >1 year, the risk of developing bladder carcinoma inereases by 2 times, in those who 
used these dyes for >15 years the risk is higher by about 3 times. Hairdressers with >10 
‘years-experience have a 5 times higher risk of developing bladder carcinoma, 
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Occupational exposure to polycyclic aromatic hydrocarbons (PAHs) is 
believed to be one of the causes of bladder carcinoma, PAHs are formed 
from the combustion of carbonaceous fuels such as wood, coal, peat, natural 
gas, liquid fuels, ete. Workers in the aluminum, iron, steel industry where 
the aforementioned fuels are widely used, have a 30% higher risk of bladder 
carcinoma compared to the general population, Due to this factor, the risk of 
developing bladder carcinoma is also high (by about 10%) among profes- 
sional drivers and railway workers. In addition, people working in crude oil 
industry and mechanics are also exposed to PAHs due to the fact that crude 
oil and mineral oil contain PAHs. 

Chronic exposure to 4,4”-methylene-bis(2-chloroaniline), MBOCA has 
been reported to increase the risk of bladder carcinoma. This chemical com- 
pound, is structurally close to benzidine, which is a carcinogen for bladder 
urotheliocytes. MBOCA is used in the production of polyurethane products, 
including polyurethane foams and sponge. MBOCA can be absorbed 
through the skin and its dust enters the body through inhalation. 

Exposure to arsenic and inorganic arsenic compounds is considered one 
of the causes of bladder carcinoma. ‘The concentration of arsenic more than 
10 g/L in drinking water increases the risk of bladder carcinoma by 1.5-2 
times. Higher concentrations can increase this risk even higher. A person is 
exposed to arsenic and inorganic arsenic compounds also through contact 
with pesticides. There is evidence that arsenic mutates the TP53 gene in the 
urotheliocytes. According to data, 20 years of continuous consumption of 
water with high concentration of arsenic increases the risk of developing 
bladder carcinoma by 4-5 times. 


Arsenic is a metalloid chemical clement that is found in nature: in the air, soil and water 


tue found in water and surface layers of soil in high concentrations. There is sufficient 
reliable evidence that the concentration of arsenic in drinking water in the range of 300- 
500 jig/.is independently associated with an increase (>6 times) inthe risk of developing 
bladder carcinoma. Arsenic concentrations in drinking water below 200 yl particularly 
increase this risk for smokers. According to data, arsenic has cytotoxic and genotoxic 
sctivity, and also has an inhibitory effect on enzymes with an antioxidant function. 

Exposure to trichloroethylene is considered one of the causes, exposure 
to tetrachloroethylene one of the probable causes of bladder carcinoma, 
People are exposed to these chemical compounds in their workplaces (dry 
cleaning workers, workers in metal cleaning and degreasing industry), and 
they enter the body through breath due to their volatile feature (see page 
349), 
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‘Occupational carcinogenic factors for bladder carcinoma first came to the attention of 
physicians in the late 15th and early 20th centuries when it was reported that an unusually 
high incidence of this cancer was observed in industrial workers, especially in those 
‘working in rubber industry. Occupational carcinogenic agents, which include a large ar- 
senal of chemical compounds that enter the body by breathing (respiratory route) or via 
contact with the skin (percutaneous route), Occupational factors that contribute to the 
development of bladder carcinoma are reported to be the second (25%) most. common 
cause of this cancer after smoking. The incidence of bladder carcinoma associated with 
‘Sccupational fictors has peculiar features: 1) there isa direct association between the risk 
of developing cancer and length of work; 2) the average time interval from the first expo- 
sure to occupational factors to the development of cancer is 25 years (12-41 years); 3) the 
risk is highest in people with occupational exposures <15 years of age; 4) the risk is high 
in people with certain susceptible gene polymorphisms, 5) as time elapses since the last 
‘ecupational exposure, the risk of developing cancer decreases. 

‘According to data, the risk of developing bladder carcinoma is higher 
(approximately by 2 times) in people undergone to the exposure of "agent 
orange", which was used as an herbicide and defoliate in some wars (see 
page 564). 

Treatment with chlornaphazine or cyclophosphamide is considered one 
of the causes of bladder carcinoma. Chlomaphazine, a derivative of 2- 
naphthylamine, was used in the treatment of Hodgkin lymphoma until 
1960s. Cyclophosphamide is an alkylating agent that is included in the 
treatment regimens for many malignant tumors. An increased risk of bladder 
carcinoma is associated with the fact that its metabolite acrolein is highly 
toxic and carcinogenic to the bladder mucosa. The level of the risk for de- 
veloping bladder carcinoma in pa- 
tients treated with cyclophospha- 
mide depends on the cumulative 
dose of this drug and the length of 
time after receiving treatment with 
that (Figure 23,2), So in patients 
treated with cyclophosphamide in a 
cumulative dose of 20-49 g, the risk 
of developing bladder carcinoma is 
by 6-7 times higher, in a cumulative 
dose of >50 g the risk is higher by 

13-14 times. Cyclophosphamide 


‘rth yenphigharie 
7 Z sie Figure 23.2, Cumulative risk of developing 
treatment is known to be the gold f/8\Gcr carcinoma in pliers “with, home 
standard for Wegener granulomato- Hiodglan lymphoma, depending on’ the 


sis. Patients with Wegener granulo- Jength of time after receiving treatment with 
matosis who received appropriate cyclophosphamide. According to Pedersen- 
treatment for one year have a 8-fold Bierwaard J et al. (1988), 
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increased risk of developing bladder carcinoma. Overall, 10% of patients 
with Wegener granulomatosis develop bladder carcinoma due to treatment 
with cyclophosphamide. 

Exposure to ionizing radiation (X-rays and gamma rays) is considered 
one of the causes of bladder carcinoma. Approximately 3% of bladder car- 
cinoma cases are associated with ionizing radiation, especially diagnostic 
radiation. Irradiation of the pelvic region increases the risk of developing 
bladder carcinoma by 4 times. 

‘There is an evidence that regularly consumption of hot maté (yerba maté) 
increases the risk of developing bladder carcinoma in addition to esophageal 
carcinoma (see page 300). The role of this factor in increasing the risk of 
developing bladder carcinoma is explained by the fact that yerba maté con- 
tains PAHs. The results of the studies have shown that the processed yerba 
maté leaves and the urine of people who use hot maté have high concentra- 
tions of PAHs. Despite all the above, the opinions about the role of this fac~ 
tor in increase of the risk of developing bladder carcinoma are conflicting, 

Use of plants that contain aristolochic acid is considered one of the 
causes of carcinoma of the renal pelvis and urinary duets (see page 524), In 
other words, plants containing aristolochic acid, which are used in tradition- 
al Chinese medicine, increase the risk for urothelial carcinoma of the urinary 
tract, including bladder carcinoma. This substance is found in plants from 
the Aristolochiaceae (Aristolochia and Asarum species), which are used in 
traditional Chinese medicine. Despite the ban on its use, these plants are still 
used in China as a weight-loss drug and for the treatment of rheumatism and 
menstrual disorders. 

The role of HPV infection in the development of anogenital carcinomas, 
oropharyngeal carcinoma, and cutaneous carcinoma has been well estab- 
lished. There is an evidence that in addition to the mentioned malignancies, 
HPV also plays a role in the development of bladder carcinoma, Bladder 
carcinoma is 2.8 times more common in people with HPV infection. It is 
assumed that HPV16 plays a special role in the development of bladder car- 
cinoma. 


Precancerous lesions and diseases 


Schistosomiasis caused by the digenetic trematode Schistosoma haemat- 
obium (Figure 23.3) is considered one of the causes of bladder carcinoma. 
Schistosomiasis is the third most common devastating tropical disease after 
‘malaria and helminthiasis, and is a huge cause of morbidity and death in Af 
rica, the Middle East, Asia and the Caribbean, Infection is most prevalent in 
both the Nile Delta and the Nile Valley South of Cairo. Approximately 
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207 million people worldwide are 
infected with schistosomiasis and 
approximately 200,000 deaths per 


year are attributable to this disease. 
More than 40% of bladder eareino- 
ma patients in sub-Saharan Africa, 
Egypt, Sudan and Yemen have 
schistosomiasis, ‘The role of schisto- 
somiasis in the development of 
bladder carcinoma is explained by 
the fact that antigens secreted from 
parasite eggs deposited in the blad- Figure 2313. Schematic’ depictire of the 
der wall cause a granulomatous re- einish Shistosoma haematobium 8-0 
action in the wall of this organ, sub-  ™ insize i 
sequently leading to the occurrence #¥™se*oPhoric canal 

of  schistosomal cystitis, which can further contribute to the development of 
SCC of the bladder. 


Urothelial (transitional cell) papilloma of the bladder is a rare (account- 


ing for <1% of bladder tumors) benign neoplasm that is mainly found in 
young people (mean age, 46 years) and in 2/3 of eases in men. These tumors 
share common etiological factors with bladder carcinoma, Often (in 85-90% 
of cases), urothelial papilloma of the bladder develops de novo, sometimes 
in individuals with a history of bladder carcinoma. Despite the benign clini: 
cal course, it often (in 10-30% of cases) recurs, sometimes (in 4-7%o of cas- 
¢s) it can even progress into urothelial carcinoma. 


Hereditary disorders 


A history of bladder carcinoma in first-degree relatives is associated with 
an increased risk of developing this carcinoma, It should be noted that the 
increased risk of bladder carcinoma in those cases is more likely to be ex- 
plained by general environmental factors than by genetic factors. The risk of 
developing bladder carcinoma is also higher in the spouses of those with 
this cancer. Despite this, in the following genetic disorders, the risk of de- 
veloping bladder carcinoma is also increased along with other tumors: 

* Hereditary retinoblastoma, 
* Cowden syndrome, 
= Lynch syndrome, 
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* MUTYH-associated polyposis, 
* Costello syndrome, 
Fanconi anemia, 


Hereditary retinoblastoma is also associated with an increased risk of 
developing bladder carcinoma in addition to various mesenchymal (sarco- 
mas), epithelial (breast carcinoma, lung carcinoma, ete.) and melanocytic 
(melanoma) malignancies 30-40 years after typical retinoblastoma diag- 
nosed at the age of 2-3 years (see page 200). Overall, the lifetime risk of de- 
veloping bladder carcinoma in patients with hereditary retinoblastoma is 25- 
30 times higher compared to patients with sporadic retinoblastoma. 

In addition to other characteristic malignant tumors for Cowden syn- 
drome, bladder carcinoma is frequently observed in the affected individuals 
(see page 412), 

According to data, Lynch syndrome is also associated with an increased 
risk of developing bladder carcinoma in addition to colorectal carcinoma 
and many other malignancies (see page 406). The cumulative risk for devel- 
opment of bladder carcinoma in individuals with Lynch syndrome by age 70 
years is 7.5% in men and 1.0% in women. The risk of developing bladder 
and upper urinary tract carcinoma is especially high in Lynch syndrome 
caused by MSH 2 mutations (approximately 12.0% in the affected men). 

MUTYH-associated polyposis is also associated with an increased risk of 
bladder carcinoma in addition to many other carcinomas, including colorec- 
tal, gastric, ovarian, etc. (see page 408). In the affected individuals, the risk 
of developing bladder carcinoma is 7-19 times higher. The mean age of 
these patients at the time of detection of bladder carcinoma is 61 years. 

Costello syndrome occurs due to germline heterozygous mutations (in- 
heritance pattem is autosomal dominant) in the HRAS gene (11p15.5). 
which is characterized by mental (intellectual disability) and physical disor- 
ders (deep palmar and plantar skin folds, unusually flexible joints, character- 
istic facial features (Figure 23.4), including a large mouth, heart disease in 
the form of hypertrophic cardiomyopathy), which involve many parts of the 
body. The HRAS gene codes for HRAS protein, which is involved in the 
transduction of an extracellular signal for the regulation of cell division into 
the cell nucleus. Despite the fact that babies are bom large, the growth rate 
is slow due to the difficulty of feeding. Such children have small stature and 
a low titer of growth hormones in the blood. Other manifestations of Costel- 
lo syndrome include a tight Achilles tendon, poor muscle tone (hypoten- 
sion), skeletal defects, a Chiari I brain malformation, and dental and visual 
problems. 

Starting in early childhood. patients with Costello syndrome have an in- 
creased risk of developing benign (in the form of perioral and perianal papil- 


349 


Bayramov RB ‘Textbook of Oncology 


Figure 23.4. Typical facial features (coarse face, 
full lips) in 17-year-old female with Costello syn- 
ddrome who was diagnosed since the age of 3 years 
by genetic testing that revealed a mutation (G128) 
in the HRAS gene. Sriboonnark L., Arora H, Falto- 
Aizpurua L et al. Costello syndrome with severe 
nodulocystic acne: unexpected significant im- 
provement of acanthosis nigricans after oral isotret- 
inoin treatment. Case Rep Pediatr, 2015, Article 
TD 934865, Available under the CC BY 4.0 license. 
Jomas) and malignant neoplasms, The most common tumor in Costello syn- 
drome is rhabdomyosarcoma, which is accompanied by neuroblastoma, In 
addition, 14% of patients with this syndrome develop bladder carcinoma at 
age <20 years (mean age, 14 years), despite the fact that only 1-2% of cases 
of this carcinoma occur at age <40 years. 

Fanconi anemia (see page 242) is also associated with an increased risk 
of developing bladder carcinoma in addition to other characteristic carcino- 
‘mas (anogenital and head and neck squamous cell carcinomas). 


Conditions associating with an increased risk of bladder 
carcinoma 


‘The risk of bladder carcinoma is higher in people with a history of laryn- 
geal carcinoma, lung carcinoma, head and neck carcinoma, testicular car- 
cinoma, cervical carcinoma, or renal carcinoma, Such an increased risk 
may be associated either with general carcinogenic factors, or with a long- 
term (late) effect of the radiotherapy or chemotherapy used for the afore- 
mentioned carcinomas, 

‘The risk of bladder carcinoma is also higher in people with spinal cord 
injury. According to data, about 1% of these individuals with a urinary cath- 
eter develop bladder carcinoma. This association results from preservation 
of the urinary catheter for a long period, concurrent infectious processes and 
urinary stone: 

‘The risk of bladder carcinoma is about 2 times higher in people with au- 
toimmune diseases, such as lupus erythematosus and Crohn's disease. 

‘The risk of bladder carcinoma is about 3 times higher in people who have 

ived a solid organ transplant (especially a kidney). 
k of bladder carcinoma is higher in people with diabetes mellitus. 
This risk is associated with pioglitacone that is used for diabetes mellitus. 
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Pioglitazone is considered one of the possible causes of bladder carcinoma, 
According to data, use of pioglitazone for more than a year increases the 
risk of developing bladder carcinoma by about 20-60%, This association is 
not seen in individuals using rosiglitazone. 

The risk of bladder carcinoma is 10-14% higher in overweight people, 
14-35% higher in patients with obesity. 

The risk of developing bladder carcinoma is higher in people who con- 
stine small amounts of liquids, especially water. In such individuals, due to 
the fact that the bladder fills less frequently, it is possible for the bladder 
mucosa to have contact with carcinogenic factors for a longer time and in 
higher concentrations. 


CARCINOGENESIS 


Bladder carcinoma arises from epithelial lining of bladder mucosa nor- 
mally called urothelium or transitional epithelium. In rare cases, there can 
occur squamous cell metaplasia in response to chronic mucosa irritating 
conditions (shistosomiasis, bladder stones, long-term urinary catheter), 
against the background of which squamous cell metaplasia and subsequently 
SCC can develop. 

Depending on carcinogenic factors and consequent genetic alterations 
that occur, urothelial cells may progress into malignant ones through differ- 
ent pathways and express different phenotypes and grades of bladder carci- 
noma: noninvasive papillary carcinoma, carcinoma in situ or squamous cell 
neoplasia (against the background of squamous cell metaplasia); high-grade 
or low-grade carcinoma. In the early stage of this process, the tumor projects 
into the lumen of the bladder (in papillary phenotype) or spreads along the 
surface of the bladder mucosa (carcinoma in situ). Over time, these neo- 
plasms invade the lamina propria, thereafter into the bladder muscle and so 
on, 

Various interconnected and overlapping molecular pathways are likely 
responsible for development of noninvasive or invasive bladder carcinoma, 
Somatic mutations in FGFR3 (fibroblast growth receptor-3) and 7P53 genes 
appear to be important early molecular events in the development of nonin- 
vasive and invasive carcinomas, respectively. In addition to FGFR3- 
mutation, RAS- and PIK3CA-mutations occur often in noninvasive bladder 
carcinoma leading to upregulation of AKT and MAPK pathways. 

Mutations in 7P53 gene is a common event in invasive bladder carcino- 
ma. Bladder carcinoma harboring 7?53-mutations have a worse prognosis 
and resistance to chemotherapy. Mutations in RBJ, PTEN and CDKN2A 
genes are also common in high-grade bladder carcinoma, 
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Bladder carcinoma demonstrates the following growth pattems: papillary 
(about 70%), sessile or mixed (about 20%) and nodular (about 10%). 

Bladder carcinoma can exhibit 3 main histological subtypes: urothelial 
carcinoma (transitional cell carcinoma), squamous cell carcinoma and ade~ 
nocarcinoma, Rarely, bladder carcinoma can be demonstrated in the sub- 
types of small cell carcinoma or clear cell carcinoma (commonly in wom- 
en), 

Urothelial carcinoma accounts for ~90% of bladder carcinoma eases, 
This carcinoma arises from urothelial stem cells that are adjacent to the 
basement membrane of the epithelial surface lining the bladder mucosa. 
Most cases of urothelial carcinoma are papillary, which tends to be well dif- 
ferentiated and superficial growing into the lumen of the bladder. Sessile 
tumors are more insidious, having a propensity to invade deeper layers early 
and metastasize. 

Squamous cell carcinoma (SCC) accounts for 4-5% of bladder carcinoma 
‘cases and has a pure squamous phenotype. This subtype of carcinoma arises 
from cells of the urothelium undergone squamous cell metaplasia in re- 
sponse to chronic irritating factors as stated above. In countries where there 
is an endemic of schistosomiasis, SCC is the predominant type of bladder 
carcinoma. It should be noted that in many cases, urothelial carcinoma con- 
tains a minor squamous cell component, a diagnosis of SCC should be ren- 
dered when the tumor is solely composed of squamous cell component 
Without having conventional urothelial carcinoma component. 

Adenocarcinoma accounts for 2% of bladder carcinoma cases and devel- 
ops in the setting of malignant degeneration of persistent urachus that con- 
tains glandular epithelium. It should be noted that in cases of bladder adeno- 
carcinoma, primary tumor should be ruled out, since it can be a metastasis 
from bowel carcinoma. 

Based on the depth of invasion, bladder carcinoma can be described as 
follows: noninvasive, non-muscle-invasive, or muscle-invasive. Noninvasive 
bladder carcinoma includes noninvasive papillary carcinoma and carcinoma 
in situ. Noninvasive papillary carcinoma is mostly an exophytic growth and 
low-grade. This cancer is described as stage Ta. Carcinoma in situ is located 
on the surface of the mucosa, commonly high grade, multifocal and tends to 
recur (is described as Tis). Non-muscle-invasive bladder carcinoma (non- 
MIBC) typically invades lamina propria, not muscularis propria (is de- 
seribed as TI). Muscle-invasive bladder carcinoma (MIBC) invades muscu- 
laris propria and sometimes surrounding anatomic structures beyond the 
bladder wall. 
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Bladder carcinoma can locally spread into the surrounding organs (uter- 
us, vagina, prostate, etc.) and nearby anatomical structures, and can metasta- 
size to the pelvic lymph nodes via lymphatic spread, and hematogenously to 
the lungs, liver and bone. It should be noted that SCC has a less propensity 
for lymphatic and hematogenous metastasis compared with urothelial carci- 
noma. 


Staging of bladder carcinoma 
‘TNM staging of bladder carcinoma is detailed on page 689. 


CLINICAL PRESENTATION 


‘The classic presentation of bladder carcinoma includes painless gross 
hematuria; 80-90% of the patients with bladder carcinoma present with this, 
symptom, Patients with bladder carcinoma can also frequently report irrita- 
tive bladder (voiding) symptoms: dysuria (pain and burning sensation dur- 
ing urination), frequent urination and urinary urgency. In most of the cases 
(up to 80%), irritative bladder symptoms manifest in patients with carcino- 
ma in situ. Some patients present with iron-deficiency anemia, and hematu- 
ria (microscopic) is detected during work-up. Patients with painless. gross 
hematuria or unexplained and refractory irritative symptoms should be con- 
sidered to have bladder carcinoma unless other causes are found. 

Patients with advanced bladder carcinoma can present with pelvic pain, 
lower-extremity edema due to iliac vessel compression, or flank pain owing, 
to ureteral obstruction. 


DIAGNOSTICS 

Clinical examination (history taking, inspection) can provide valuable in- 
formation in patients with bladder carcinoma and reveals abnormality only 
in patients with severe anemia and advanced bladder carcinoma, So on 
physical the physician can observe lower extremity 
lymphedema secondary to local growth of the tumor, 

Bladder carcinoma is suspected clinically in most of the cases, The first 
diagnostic tool in patients with suspected bladder carcinoma should be 
toscopy (in men, flexible cystoscopy is more preferred). All patients with 
gross hematuria should undergo cystoscopy. In patients with carcinoma in 
situ, cystoscopy may reveal a characteristic area with velvety appearance 
that resembles an area of inflammation. If cystoscopy detects any reddish, 
suspicious area or visible lesion, a biopsy or resection are required for diag- 
nosis and clinical staging. However, flat urothelial lesions, such as carcino- 
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ma in sitt may not be visible on cystoscopy. and bleeding caused by the 
procedure can reduce the visibil 

Use of blue light cystoscopy with hexyl aminolevulinate may improve 
the diagnostic accuracy of cystoscopy. Hexyl aminolevulinate is instilled 
into the bladder and remains there for an hour before the cystoscopy. This 
allows malignant cells, which have higher ability to accumulate photoactive 
porphyrins, to appear pink or red while normal urothelial cells appear blue, 

Virtual cystoscopy can help detect bladder carcinoma in many cases, but 
this examination has lower sensitivity and specificity compared with con- 
ventional cystoscopy, and is more expensive. 

Diagnostic tests include also a urine cytology, which highly specific for 
urothelial carcinoma. All patients with gross hematuria should be tested by 
urinary cytology. Additionally, urine cytology can also be used in patients 
with microhematuria and irritative voiding symptoms following negative 
workup results. The urine cytology is not routinely recommended at initial 
evaluation of patients with microscopic hematuria, but without risk factors 
for bladder carcinoma, The sources of the urinary cytology include voided 
urine, catheterized urine, bladder washing (barbotage) or brushing. Urinary 
cytology is most helpful in cases of high-grade tumor and carcinoma in situ. 
‘The exfoliated carcinoma in situ cells are easily identified via cytologic ex- 
amination due to their unusual appearance. Low-grade and noninvasive car- 
cinomas may be missed by routine cytologic tests. Nevertheless, the proper 
ly performed cytology is the most reliable urine test for diagnosing bladder 


nary cytology is positive, further evaluation of urinary tract is required. For 
this purpose, cystoscopy with bilateral retrograde pyelography and bilateral 
ureteral washing, bilateral ureteroscopy should be performed. Additionally, 
in men the prostatic urethra should be examined carefully. 

It should be noted that, rarely, urine cytology may be normal in patients 
with carcinoma in situ. If the urologist maintains a high level of suspicious 
for carcinoma in situ in individuals with symptoms suggestive of carcinoma, 
obtains a random bladder biopsy. 

Despite several available bladder carcinoma antigens, these urinary tests 
are not routinely used for the diagnosis of this cancer. In other words, none 
of the urine tumor markers have been accepted for diagnosis or follow-up in 
routine urologic practice or in guidelines. They are mainly used in cases, 
when carcinoma is suspected, but cytology results are negative. It should be 
noted that no blood tests are specifie for bladder carcinoma. 
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Despite the fact that bladder mu- 
cosa is not well visualized with rou- 
tine imaging studies (US, CT sean, 
MRD), these modalities are routinely 
performed as an integral part of the 
hematuria workup. Bladder US most 
frequently gives an initial suspicious 
image (Figure 23.5), Guidelines 
recommend renal US as a substitute 
to contrast enhanced CT scan in pa- 
tients who are unable to rec 
travenous contrast. Although intra- Figure 235. No r 
Aros pyClomcnhy fe toor se, eee eae ee 
dality for evaluating of renal paren- ld man presented with hematuria, 
chyma (traditionally this imaging technique was the standard for upper tract 
urothelium imaging) and a few centers in the United States perform it today, 
this examination is still included in the NCCN guidelines as an acceptable 
modality for imaging the upper urinary tract (pyelocaliceal system and ure~ 
ter). But some guidelines prefer CT urography over intravenous pyelog- 
raphy as more informative modality 

CT and MRI are mainly used to assess extravesicular invasion but often 
lack the ability to reliably evaluate. When an invasive tumor is suspected 
(by US or cystoscopy). CT or MRI is recommended before transurethral re- 
section (TUR) of the tumor, if possible, as perivesical reactions after TUR 
interfere with the image interpretation. CT and MRI are useful to detect en- 
larged lymph nodes (>8 mm in the pelvis and >10 mm in the abdomen). 
‘Thoracic CT should be performed at the same time as the abdomino-pelvie 
CT sean 

Despite some newer molecular-genetic marker assays are implemented in 
practice (mutations in RAS, FGFR3. PIK3C 3 in urinary sediment), 
these assays have not been shown to effectively replace urine cytology and 
cystoscopy (with or without biopsy) for diagnosis of bladder carcinoma, 

Histologic examination of biopsy samples or TUR resectate is the crucial 
diagnostic tool in diagnosis, staging and determination of histological sub- 
type of carcinoma (as well as in distinguishing from other cancers). It 
portant to thoroughly examine the tumor tissue in order not to miss compo- 
nents of other histologic subtypes; because presence of components of other 
carcinoma subtypes may change treatment strategy 

Once bladder carcinoma is diagnosed, pretreatment evaluation includes 
complete blood count, comprehensive metabolic panel, chest radiography, 
and ECG, which assist in determining optimal therapy. 


n= 
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Histopathologic examination of surgical specimen (resectate) determines 
the histological type of carcinoma, its grade, T-stage and assess the removed 
lymph nodes, which are important for final pathologic staging and planning 
further treatment. 


TREATMENT 


‘Treatment options of bladder carcinoma depend on the stage of the tumor 
like other carcinomas. In other words, the treatment options for carcinoma 
in situ, non-MIBC and MIBC are different. 


Surgical management 


‘Transurethral resection (TUR) of bladder tumor (via cystoscopy) is the 
first-line treatment option for diagnosing, staging and removing the visible 
tumor. TUR performed with electrocautery or laser fulguration is sufficient 
for low-grade, papillary small tumors. Nevertheless, the guidelines of inter 
national organizations recommend TUR of small tumors (<1.0 cm) in a sin- 
gle piece that includes also part of the underlying layer of the bladder wall. 
For patients with high-grade, bulky, or multifocal tumors a second proce- 
dure (cystoscopy with or without TUR) should be fulfilled to ensure com- 
plete resection and accurate staging 2-6 weeks after the initial TUR of blad- 
der tumor. TUR of bladder tumor is not effective in cases of carcinoma in 
situ, because this disease is frequently so diffuse and difficult to visualize 
due to that complete removal may not be possible. So it is critically im- 
portant to surgically remove all non-MIBC prior to beginning intravesical 
therapy. In patients with combination of papillary tumor and carcinoma in 
situ, the papillary tumor should be removed before treatment of the carci- 
noma in sitt is initiated. Fluorescence-guided TUR of bladder tumor is the 
most recommended approach, as it is more sensitive compared with conven- 
tional white-light cystoscopy for detection of tumors (this technique can in- 
crease the detection rate by about 25% for carcinoma in sift), 

‘The treatment choices in patients with MIBC are: radical cystectomy 
(with bilateral LND) or TUR of bladder tumor followed by concurrent ra- 
diation therapy and systemic chemotherapy ( 
tectomy is considered the gold standard treatment for MIBC. 
to data from studies, radical cystectomy can provide 75-90% S-year cancer- 
specific survival, while the published literature with respect to trimodal 
therapy demonstrates evidence of inferior survival, frequent treatment fail- 
ure, with nearly one-third of the patients eventually requiring a salvage cys- 
tectomy. 
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Reconstruction during radical cystectomy may accomplished either by il- 
eal conduit or bladder replacement, depending on tumor characteristics and 
patient choice. Age is not a limiting factor for surgery, although postopera- 
tive morbidity increases with age 

Currently, for patients with MIBC (T2-T4), the standard treatment is rad- 
ical cystoprostatectomy in men and anterior exenteration in women with 
bilateral pelvic LND (including iliac and obturator lymph nodes). 

Radical cystectomy can also be appropriately used in patients with high- 
risk, non-MIBC, including carcinoma in situ. Indications for cystectomy in 
cases of non-MIBC include the followings: tumor is so bulky that complete 
removal of the tumor with TUR is not possible: prostatic urethra is in- 

carcinoma in situ or T] high-grade tumor unresponsive to adequate 
intravesical therapies, including BCG. Immediate (early) cystectomy should 
be considered for patients with TI high-grade bladder carcinoma in associa- 
tion with diffuse carcinoma én situ who are particularly at high risk for pro- 
gression. It should be noted that 40-50% of the patients undergone cystec- 
tomy for Ta and TI carcinoma are found to have muscle-invasive disease, 
with 10-15% of the patients having microscopic lymph node metastasis. 
50% of the patients with recurrent tumor following the treatment with BCG 
immunotherapy for high-grade T1 tumor are found to have muscle-invasive 
disease. Carcinoma in situ can progress to muscle-invasive disease in >80% 
of the affected patients, with about 20% of the patients discovered to have 
muscle-invasive disease at the time of cystectomy, 

Approximately, in 20% of patients with carcinoma in situ, invasion be- 
yond the lamina propria may be unrecognized at initial diagnosis, Those pa- 
tients are candidates for radical cystectomy or radiation therapy and/or 
chemotherapy because they are not frequently good responders to intrav. 
cal therapies, Radiation therapy (with or without chemotherapy) is of lim- 
ited benefit in patients with pure carcinoma in situ, but can be beneficial in 
some patients with muscle-invasive urothelial carcinoma. 

‘The other less common histological types of bladder carcinoma may re- 
quire specific treatment options. ‘The optimal treatment option for patients 
with SCC is cystectomy because this type of bladder carcinoma is chemo- 
resistant, In locally advanced cases or in cases of positive-margin, neoadju- 
vant and adjuvant radiotherapy can improve the outcome. Radical cystecto- 
my is the treatment of choice for adenocarcinoma, because this carcinoma 
responds poorly to radiation therapy and chemotherapy. ‘Treatment of local 
ized small cell carcinoma include neoadjuvant chemotherapy followed by 
radical cystectomy or extemal beam radiotherapy (EBRT). 

‘An organ preservation approach for MIBC is a reasonable alternative to 
cystectomy. For this purpose, contemporary protocols use aggressive TUR 
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for bladder tumor alone, TUR plus radiotherapy, TUR plus chemotherapy, 
or preferably, combination of TUR, radiotherapy and chemotherapy. If per- 
sistent or recurrent disease is apparent at response evaluation (2-3 months 
after treatment) or during follow-up, prompt salvage cystectomy is recom- 
mended when possible. 


Immunotherapy and chemotherapy for non-muscle invasive 
urothelial carcinoma 


Intravesical BCG immunotherapy is recommended for high-risk patients 
(with carcinoma in situ, Ta or TI high-grade carcinoma), as well as an adju- 
vant modality for patients at intermediate/high risk because of the substan- 
tial likelihood of disease recurrence. BCG immunotherapy is performed 2-4 
weeks following transurethral resection (TUR) of bladder tumor because by 
that time the bladder mucosa can have usually healed enough to avoid 81 
temic distribution of the vaccine. Immunotherapy with BCG is more effee- 
tive intravesical treatment modality for cases of carcinoma in sitw and T1 
tumor. Immunotherapy with BCG or other intravesical therapies may also 
be used for patients with recurrent disease. 

IFN-a or IFN-y (as a single-agent therapy or in combination with BCG) 
can be used in patients with Ta and T1 bladder carcinoma, especially in pa- 
tients following treatment failure with BCG. In patients with BCG- 
refractory carcinoma in sift, valrubicin (anthracycline antibiotic agent) can 
also be used, which is approved for this particular cases. Intravesical docet- 
axel therapy appears to be a promising option in BCG-unresponsive, non- 
muscle-invasive cases. Another option for treatment of BCG-refractory, 
non-MIBC and carcinoma in situ is pembrolizumab (anti-PD-1 monoclonal 
antibody) in patients who are ineligible for radical cystectomy 

Patients with low-grade, low-stage bladder carcinoma may receive ex- 
pectant therapy or may benefit from a single cycle intravesical chemothera- 
py. Immediate single cycle intravesical chemotherapy as an adjuvant modal- 
ity is also recommended for patients at low risk of recurrence and progres- 
sion, 

Results of corresponding studies support and guidelines recommend neo- 
adjuvant and adjuvant chemotherapy for patients with MIBC who are medi- 
cally fit to receive it, Evidence supports the use of cisplatin-based neoadju- 
vant chemotherapy for this purpose, Platinum-based chemotherapy is also 
encouraged before definitive radiotherapy. 

‘There is insufficient evidence for the routine use of adjuvant chemother- 
apy for MIBC. According to data, cisplatin-based adjuvant chemotherapy is 
beneficial in those with lymph node metastasis. 
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Radiotherapy 


EBRT has been demonstrated to be inferior to radical cystectomy for the 
treatment of bladder carcinoma. The 5-year survival rate following treat- 
ment with EBRT is 20-40% versus 90% after radical cystectomy for organ- 
confined disease, Nevertheless, EBRT is used in many countries for T2-T3 
urothelial carcinoma of the bladder and may be a curative therapeutic option 
(with or without chemotherapy) as part of a multimodality bladder- 
preserving approach, Curative EBRT should be delivered with 3DCRT or 
IMRT, and ideally with image guiding. Neoadjuvant radiotherapy has been 
shown not to be effective in patients with MIBC. 

In certain centers, bladder-preserving approach (TUR of bladder tumor 
followed by concurrent radiation therapy and systemic chemotherapy) is 
applied with survival rates comparable with those afier cystectomy 
lected patients. Despite widespread application of this strategy. it 
terized by high peritreatment morbidity and mortality (4-5% mortality rate 
compared with 2-3% after cystectomy). In addition, nearly 30% of the pa- 
tients treated with this protocol develop local recurrence requiring salvage 
cystectomy, which may be associated with decreased options for urinary 
diversions (due to chronic radiation enteritis). 

Radiotherapy may also be offered for palliation (for bleeding or pain) in 
patients unfit for cystectomy. 


Systemic treatment for metastatic disease 


Platinum-containing regimens are effective in cases of locally advanced 
and metastatic urothelial carcinoma of the bladder and is used as a first-line 
therapy. MVAC (methotrexate’vinblastine/doxorubicin/cisplatin) is a stand- 
ard combination for treatment of metastatic bladder carcinoma, GC (gem- 
citabine/cisplatin) is another regimen that has been demonstrated to be as 
effective as MVAC, but is less toxic (particularly with respect to nephrotox- 
icity), Unfortunately, approximately half of the patients with locally ad- 
vanced and metastatic urothelial carcinoma of the bladder has serious 
comorbidities that preclude the use of eisplatin-based therapy. 

Anti-PD-1 monoclonal antibody (pembrolizumab, nivolumab) and anti- 
PD-L1 monoclonal antibody (atezolizumab, avelumab, durvalumab) have 
entered into practice as a second-line therapy for metastatic urothelial carci- 
noma of the bladder, and these agents may be used as first-line therapy in 
patients who are not eligible for cisplatin-based chemotherapy. 

Fibroblast growth factor receptor (FGFR) inhibitor, erdafitinib can be 
used in patients with locally advanced and metastatic urothelail carcinoma 
that has FGFR2 or FGFR2 mutations. 
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PROGNOSIS 


Prognosis for bladder carcinoma significantly depends on the grade of 
the tumor, histologic subtype, depth of invasion, the presence of carcinoma 
in situ, nodal involvement and distant metastasis. 

‘The reported 5-year survival rates are 80-100% for carcinoma in situ, Ta, 
T1 tumors; 65-85% for T2 tumor, 65-70% for T3a tumor; 15-55% for T3b 
tumor; 0-20% for T4 tumor. 2-year survival rate is $-10% for patients with 
metastatic urothelial carcinoma, 

‘The risk of progression (increased tumor grade or stage) mainly depends 
on the tumor grade: 2-4% for grade 1; $-7% for grade 2; 35-65% for grade 
3. Carcinoma in situ association with T1 tumor has a 60-90% recurrence 
rate and 50-75% progression to muscle invasion. 

Mutations in the 7P53 gene is associated with resistance to chemothera- 
py. MREJIA single-nucleotide polymorphism (rs1805363) is associated 
with worse cancer-specific survival after radiation therapy. 


PREVENTION 


Approximately 50% of bladder carcinoma cases are related to exposure 
to environmental factors. In other words, half of the cases of this cancer can 
be prevented by the following measures: 

* Avoiding (quitting) smoking: 

* Not abusing aleohol; 

* Workers in the fields (see above), which are characterized by intense 

contact with carcinogenic factors, should follow safety measures to re- 

duce the intensity of contact with these carcinogens; 

Drinking enough liquid per day; 

It is important to know the concentration of arsenic in the drinking water 

that is consumed. If there is any doubt that drinking water is contaminat- 
it ic, bottled water should be consumed; 

Having a balanced diet with enough fruits and vegetables. 


Screening for bladder carcinoma 

No guideline recommends screening for bladder carcinoma in asympto- 
matic adults because evidence is insufficient to determine the benefit of 
screening in those people. 

Follow-up for bladder carcinoma survivors 


Because urothelial bladder carcinoma is characterized by high rate of re~ 
currence and progression, continued surveillance is mandatory. The guide- 
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lines recommend cystoscopy and biopsies in patients with no visible tumor 
in the bladder but positive cytology. In patients with Ta/T1 tumor, cystos- 
copy, urinary cytology and imaging studies should be performed for follow- 
up, depending on the risk of recurrence and progression. 

For follow-up afler radical cystectomy for MIBC, the recommendations 
include: 
* Imaging studies: For the first two years: CT ography or MRI urography 


is recommended if metastatic dia 
dominal/pelvie CT or MRI annually; . : 
CT is recommended if metastatic disease is suspected. Afler year 5; an- 
nual renal US (to look for hydronephrosis). After year 10: imaging is 
needed only if clinically indicated; 

* Blood tests: For the first year: kidney function tests (creatinine and elec- 
trolytes) every 3-6 months; a complete blood count and comprehensive 
metabolic panel every 3-6 months in patients who received chemothera- 
py. Within years 2-5: kidney function test; liver function test; vitamin 
BI2 assays. After year 5: annual monitoring of vitamin B12 levels; 

* Urine tests: For the first two years following radical cystectomy: urine 
cytology every 6-12 months; urethral wash cytology every 6-12 months 
for patients with high-risk disease (positive urethral margin, multifocal 
careinoma in situ, prostatic urethra invasion); cytology at the time of eys- 
toscopy for patients with preserved bladder. 
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EPIDEMIOLOGY AND STATISTICS 


Prostate cancer represents the second most common malignant tumor in 
‘men worldwide: in the United States, it is the most common cancer in men. 
In 2020, 1.414.259 new cases of prostate cancer were diagnosed globally (in 
2012, about 1.111.000), accounting for 7.3% of all malignancies (14.1% of 
all malignancies in men). More than 99% of all prostate cancer cases are 
attributable to prostate carcinoma. 

One out of 8 men has a lifetime risk of developing prostate carcinoma. 
55% of the prostate carcinoma cases are seen in men aged 70 years and old- 
er. The incidence of this cancer increases with age; 60% of men over 65 
years may be diagnosed with prostate carcinoma, Prostate carcinoma is rare~ 
iy diagnosed in men aged <40 years, and is uncommon in men younger than 
50 years. The highest incidence of this cancer is observed at age >90 years. 
In the past three decades, the incidence of prostate carcinoma increased by 
>40°%, which is related to wide use of PSA testing for screening. 

‘The highest incidence of prostate carcinoma is observed in Northern and 
Westem Europe, the Caribbean, Australia, New Zealand, Northern America, 
and Southem Africa. Approximately 70% of prostate carcinoma cases are 
seen in developed countries. The lowest incidence of prostate carcinoma is 
observed in Asia and Northem Africa. It is possible that the 25-50-fold dif 
ference in incidence between various regions of the world partly reflects the 
statistics far from accuracy in some regions. In the United States, the inci- 
dence is higher in African Americans compared with that in Caucasians, 
Hispanics and Asians (in descending order). The incidence of prostate ean- 
cer is higher in countries with highest socioeconomic status. 

Prostate cancer represents the fifth most common cause of cancer-related 
death in men worldwide; 6.8% of cancer-related deaths in men are attributa- 
ble to prostate cancer (3.8% in both men and women). In 2020, this cancer 
is the leading cause of cancer-related death among men in 48 countries (for 
comparison, lung cancer was the leading cause in 93 countries), including 
many countries in sub-Saharan Africa, the Caribbean, and Central and 
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Southern America (e.g., Ecuador, Chile, and Venezuela), as well as Sweden, 
In 2020, 375.304 cases of death from prostate cancer were registered global- 
ly (in 2012, about 307.000). Prostate cancer-related mortality is >2-fold 
higher in African Americans compared with Caucasians. Despite the in- 
creasing incidence, the mortality rate for prostate carcinoma reduced by 
20% in 2020 compared to that in 1970. 


ETIOLOGIC FACTORS 


Environmental factors 


Using anabolic steroid hormones, which are similar in effect to testos- 
terone, is considered one of the probable causes of prostate carcinoma, Ac- 
cording to data, the levels of testosterone and estrogens in the serum, and 
male pattern baldness (androgenic alopecia) are not associated with in 
creased risk of developing prostate carcinoma. It should be noted that pros- 
tate carcinoma is not observed in eunuchs. 

Above normal arsenic (and non-organic arsenic compounds) exposure is 
considered one of the probable causes of prostate carcinoma (see page 154) 
in other words, exposure to arsenic and arsenic compounds above normal is 
associated with an increased risk of developing prostate carcinoma. 

Above normal cadmium exposure is considered one of the probable caus- 
es of prostate carcinoma. According to data, prostate gland is a target organ 
for cadmium deposition. The main source of cadmium is foodstuff (particu 
larly plant-derived foodstuffs), and tobacco smoke in smokers (see page 
494). Food-related cadmium exposure is associated with a 15% higher risk 
of developing prostate carcinoma, 

Pesticide exposure (particularly, malathion, carbophos exposure) due to 
occupation is considered one of the probable causes of prostate carcinoma, 
This factor is associated with a 20% higher risk of developing prostate car= 
cinoma, 

Working in rubber or textile industry is considered one of the probable 
causes of prostate carcinoma. This factor is associated with a 80% higher 
risk of developing prostate carcinoma. Working at gas stations is associated 
with a 4-fold higher risk of developing prostate carcinoma. 

High amount of red meat in diet are considered one of the probable caus- 
es of prostate carcinoma, Consumption of meat roasted over an open fire (in 
the form of barbecue or kebab) or grilled is associated with much higher risk 
or this cancer. It is mainly due to the fact that when frying meat at high tem- 
peratures, heterocyclic amines are formed, which are carcinogenic factor in 
relation to some organs, including prostate gland. 
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According to data, taking folate supplements for long-term period is as- 
sociated with a 25% higher risk of developing prostate carcinoma. The risk 
does not increase by consuming foods rich in folate. 

Vitamin D deficiency is considered one of the possible causes of prostate 
carcinoma, Low incidence of prostate carcinoma in countries of southem 
latitude is explained by this factor. 

Exposure to ionizing radiation is considered one of the probable causes 
of prostate carcinoma. The risk is higher in survivors of the consequences of 
atomic bomb explosion compared to the general population. 

According to data, the risk of developing prostate carcinoma is higher 
(by about 2 times) in people undergone to exposure of “agent orange”, 
Which was used as herbicide and defoliate in some wars, especially during 
the Vietnam War by the USA military forces. The name “agent orange” ap- 
peared due to the orange painting of the barrels for transportation of this 
chemical. According to data, exposure to this chemical increases also the 
risk for developing bladder carcinoma, lymphomas, sarcomas. chronic B- 
cell leukemia, multiple myeloma, ete. 


In conclusion, despite the aforementioned environmental factors playing 
role in the development of prostate carcinoma, the role of environmental 
factors is minimal in the development of prostate carcinoma, 


Diseases associating with a high risk of prostate carcinoma 


Obesity is considered one of the probable causes of prostate carcinoma. 
‘The risk of prostate carcinoma is 30% higher in people with metabolic syn- 
drome in Europe, which is particularly related to excess body mass. Prostate 
carcinoma associated with obesity is mostly detected in an advanced stage. 
According to data from studies, prostate carcinoma associated with obesity 
demonstrates aggressive clinical course due to high grade of the tumor. 


Hereditary disorders 


5-9% of prostate carcinoma cases are familial, which is not only related 
to high diagnostic activity of those families, but also to genetic factors. The 
risk of developing prostate carcinoma is 2.1-2.4-fold higher in individuals 
whose father has a history of this cancer, and 2.9-3.3-fold higher in people 
whose brother has a history of this cancer. Familial prostate carcinoma is 
commonly detected at age <65 years. 
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‘The following hereditary disorders are associated with an increased risk 
of prostate carcinoma in conjunction with other malignancies: 
* Germline heterozygous mutations in BRCA2 gene, 
* Germline heterozygous mutations in CHEK? gene, 


* Lynch syndrome, 
* Nijmegen breakage syndrome. 


Germline heterozygous mutations 
in BRCA2 gene is associated with a 
$-7-fold increased risk of develop- 
ing prostate carcinoma, in addition 
to other carcinomas (see page 447). 
In other words, 60-70% of men with 
those mutations have a lifetime risk 
of developing. prostate carcinoma 
(Figure 24.1). 

Germline heterozygous mutations 
in CHEK2 gene is also associated 
with a 2-5-fold increased risk of de- 
veloping prostate carcinoma, in ad- 
dition to breast carcinoma, colorec- 
tal carcinoma and thyroid carcinoma 
(see page 451). Approximately 4% 


Gi exnerat popatation 
Dh carriers of ARCA? mutation 


Figure 24.1. Image comparatively illustrat- 
ing the risks of developing female breast 
carcinoma (BC), ovanan carcinoma (OC) 
and prostate carcinoma (PC) in individuals 
with germline heterozygous BRCA? muta- 


tion. 


of familial prostate carcinoma cases are associated with germline mutations 
in this gene. Prostate carcinoma associated with mutations in CHEK2 gene 
demonstrates aggressive clinical course. 

Lynch syndrome is also associated with a 2-5-fold increased risk of de- 
veloping prostate carcinoma (Figure 24.2) in addition to many other typical 
malignancies (see page 406). The age distribution and clinical course of 
prostate carcinoma associated with Lynch syndrome are identical to sporad- 
ic cases, 

Nijmegen breakage syndrome is also associated with an increased risk of 
developing prostate carcinoma in addition to various lymphoid (lymphoma 
Hodgkin, lymphomas non-Hodgkin), epithelial (colorectal carcinoma, breast 
carcinoma) and mesenchymal (alveolar rhabdomyosarcoma) malignanci 
(see page 648). 


Conditions associating with an increased risk of prostate carcinoma 


Family history of prostate carcinoma is associated with a higher risk of 
developing prostate carcinoma: a history of prostate carcinoma in first- 
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degree relatives at age younger than 
50 years is associated with a 7-fold 
increased risk; a history of prostate 
carcinoma in first-degree relatives at 
age older than 70 years is associated 
With a 4fold increased risk (Figure 
24.3). 

‘The risk of prostate carcinoma is 
significantly higher in iduals 
with a history of kidney carcinoma, 
lung carcinoma, thyroid carcinoma 
and melanoma, ‘This association is 
possibly related to common heredi- 
tary conditions or environmental 
factors. 

Prostate carcinoma is 60-80% 
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Figure 242. Age-specific cumulative risks 
for prostate carcinoma in. families with 
‘MLH1, MSH2 and MSH6 mutations, 
‘Dominguz-Valentin M, Joost P, Therkildsen 
C et al Frequent mismatch-repair defects: 
link prostate cancer to Lynch syndrome 
BMC Urology, 2016, 16; 15-21, Available 
under the CC BY 4.0 license 


more frequently detected in individuals with a history of prostatitis, It is 
possibly related to increased diagnostic activity of those people due to pros- 
tatitis or is due to the fact that the manifestation of early-stage prostate car- 
cinoma might be interpreted in favor of prostatitis. 

According to data, long-term use of NSAIDs is associated with a 35% in- 


creased risk of prostate carcinoma. 


Excess body mass is associated with an increased risk of developing pros- 


tate carcinoma (see above). 

The risk of prostate carcinoma is 
7% higher for every 10 em increase 
in height. This association may be 
related to factors determining the 
lineal growth of a person. 

‘There is a racial disparity in the 
risk of developing prostate carcino- 
ma; this risk is 30°% higher in Afri- 
can Americans compared to Cauca- 
sians. Latino Americans and / 
Americans have a significantly low- 
er risk of developing prostate carci- 
noma compared with Caucasians. 

‘There is a geographical disparity 
in the risk of developing prostate 
careinoma (see above). 2% of Chi- 
nese men (particularly rural men). 
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Figure 24.3. An estimated risk of develop- 
ing prostate carcinoma depending on family 
history of this cancer according to data from 
appropriate studies ((%o — in father or broth- 
er, f+b — in father and brother, HIPC ~ he- 
reditary prostate carcinoma), 
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17% of the men in the United States have a lifetime risk of developing pros- 
tate carcinoma. Chinese American men have a significantly higher risk of 
developing prostate carcinoma compared with the Chinese men living in 
China, 

CARCINOGENESIS 

‘The molecular pathology of prostate carcinoma is complex and multiple 
genes are involved in pathogenesis of this cancer. In other words, the mo- 
lecular pathogenesis of prostate carcinoma demonstrates a considerable het- 
erogeneity. ‘The diversity of ied somatic genetic alterations associated 
with prostate carcinoma suggests that there is not a single predominant mo- 
lecular pathway required for prostate carcinogenesis. To date, numerous 
somatic and germline genomic alterations (j.c., mutations, deletions, rear- 
rangements, amplifications and DNA methylation) have been identified in 
prostate carcinoma. 

‘The tumor suppressor gene PTEN is one of the most frequently mutated 
genes in prostate carcinoma. Inacti of PTEN is strongly associated 
with negative prognostic factors. Defects in MM/R pathway are rare in pros- 
tate carcinoma, but they are observed frequently (10%) in castration- 
resistant prostate carcinoma. It should be noted that unlike many other ma- 
lignancies, prostate carcinoma does not harbor somatic mutations in 7P53 
and KRAS genes. It is believed that in the pathogenesis of prostate carcino- 
‘ma, polymorphism of certain genes (AR. CYP17, SRDSA2) also plays a sig- 
nificant role. Androgen receptor (AR) signaling axis plays a crucial role in 
the development, function and homeostasis of the prostate gland. Prostate 
carcinoma initiation and progression is also uniquely dependent on AR sig- 
naling pathway. 

In almost all patients, advanced prostate carcinoma treated with androgen 
deprivation therapy invariably progresses to castrate-resistant phenotype, 
despite an initial favorable response. Various molecular mechanisms have 
been identified that drive castration resistance, most importantly the reacti- 
vation of the AR signaling pathway. This mainly occurs through amplifi. 
tions or mutations of the AR gene (as well as expression of AR splice vari- 
ants). 


PATHOMORPHOLOGY 


Two nosologically distinct groups of prostate carcinoma are distin- 
guished: acinar adenocarcinoma (conventional acinar carcinoma) and non- 
acinar carcinoma (unusual carcinoma). Conventional acinar carcinoma 
comprises >90% of cases of prostate carcinoma and has the following histo- 
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logic subtypes: pseudohyperplastic, foamy gland, hypernephroid, atrophic, 
microeystic, colloid, signet-ring cell, oncocytic and lymphoepithelioma-like 
carcinomas. Non-acinar carcinoma accounts for $-10% of carcinomas origi 
nating from the prostate gland and has the following histologic types: sar- 
comatoid carcinoma, ductal (endometrioid) adenocarcinoma, urothelial 
carcinoma, adenoid cystic carcinoma, squamous cell carcinoma, 
adenosquamous carcinoma, basal cell carcinoma and small cell carcinoma. 
It should be noted that the subtypes of conventional acinar carcinoma do not 
have prognostic significance and are graded according to the Gleason 
tem, but the subtypes of non-acinar carcinoma represent distinct nosological 
entities and are mostly characterized by very poor prognosis. 

70-80% of prostate carcinoma cases arise in the peripheral zone of the 
prostate gland, 5-20% arise in the central zone and 10-20% in the transition 
al zone. Prostate carcinoma arising in the central zone is characterized by 
aggressive clinical course, On the contrary, prostate carcinoma arising in the 
transitional zone have better prognosis. 

In local invasive cases, prostate carcinoma arising in the transitional zone 
spreads to the bladder neck, but peripheral-zone carcinomas and central- 
zone carcinomas extend into ejaculatory ducts and seminal vesicles. Pene- 
tration through the prostatic capsule and extension to perineural and vascu- 
lar spaces occurs relatively late 

Prostate carcinoma can spread via the bloodstream (hematogenous me- 
tastasis) to distant organs. The mechanism of bone metastasis (metastatic 
prostate carcinoma has a strong predilection for bones) is poorly under- 
stood: it can occur early and frequently without lymphatic metastasis. 

‘The most commonly used system for assessing histologic characteristics 
of prostate carcinoma is the Gleason system. This system uses glandular ar- 
chitecture within the tumor. The predominant pattern and the second most 
predominant patter is assessed in the biopsy samples. Each pattern is given 
a grade of between 1 and 5. Grade 1 indicates a near-normal pattern (less 
malignant), and grade 5 indicates the absence of glandular patter (more 
malignant), The Gleason score is the sum of these two grades (the grades of 
these two pattems). Theoretically, Gleason scores range from 2 to 10. How- 
ever, pathologists almost never assign scores 2-5, so these scores are not 
considered cancer. Therefore, Gleason scores assigned will range from 6 to 
10. with 6 being low grade. 7 being intermediate grade, and 8-10 being high 
grade carcinoma. 


Staging of prostate carcinoma 
‘TNM staging of prostate carcinoma is detailed on page 690. 
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CLINICAL PRESENTATION 
In pre-PSA testing era, patients with prostate carcinoma commonly pre- 


(20-25%); hematuria (10-15%). Currently, in PSA testing era, approximate- 
ly half of the cases of this cancer is diagnosed in asymptomatic patients; 
symptomatic patients present with urinary frequency (40%), decreased uri- 
nary stream (20-25%), and hematuria (1-2%). However, none of these 
symptoms are characteristic of prostate carcinoma. 

In patients with metastasis, clinical symptoms include also loss of appe- 
tite, weight loss, bone pain, pathologic bone fracture, lower extremity pain 
and edema (due to compression or obstruction of venous and lymphatic 
tributaries by enlarged metastatic lymph nodes), Ureteral obstruction caused 
by local prostate growth or retroperitoneal adenopathy secondary to lym- 
phatic metastasis can develop uremic symptoms in patients with advanced 
prostate carcinoma, 


DIAGNOSTICS 


Physical examination reveals abnormality only in patients with advanced 
prostate careinoma. On physical examination, the physician can observe cer- 
tain findings secondary to local growth of the tumor and metastatic disease: 
cancer cachexia (due to intensive metabolism in cancer tissue); overdisten- 
sion of bladder (due to outlet obstruction); lower extremity lymphedema; 
supraclavicular adenopathy: neurologic findings secondary to cord compres- 
sion (due to spinal metastasis). 

DRE can provide important information for diagnosis. On DRE, a nodule 
can be found, and findings such as asymmetry, difference in texture are im- 
portant clues to PSA testing. It should be noted that DRE is a subjective 
(examiner-dependent) examination and provides information better when is 
performed repeatedly as a serial examination. Change in texture over time 


(on the basis of DRE) can offer the need for intervention. 

Human prostate specific antigen (PSA), is a product of the human glan- 
dular kallikrein gene locus on chromosome 19 and is almost selectively ex- 
pressed by prostate gland tissue. Serum PSA test is mainly used for deter 
mining an indication for prostate biopsy. For this purpose, serum PSA level, 
PSA velocity and percentage of free PSA are assessed. 
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‘The upper limit of the normal range of PSA is 4 ng/mL. In healthy indi 
viduals with a PSA level of 4-10 ng/mL, many recommend biopsy or con- 
sider a trial of antibiotic therapy. If the physician suspects that the elevated 
PSA level may be due to infection, antibiotic therapy for 4-6 weeks is ad- 
ministered, and then the PSA test is repeated. If antibiotic therapy promptly 
lowers the PSA level to within the reference range, the cause of the prior 
PSA elevation is less likely to be prostate carcinoma, and in those cases, the 
PSA level should be rechecked within a few months. 

PSA velocity is assessed using at least 3 PSA levels checked over a pe- 
riod of at least 18 months, A PSA velocity of 0.35 ng/mL/year when the 
PSA is <2.5 ng/mL, and of 0.75 ng/mL/year when the PSA is 4-10 ng/mL, 
has traditionally been used to suggest a prostate biopsy. PSA velocity is not 
useful in individuals with PSA values above 10 ng/mL. 

‘The assessment of the levels of free and bound PSA can help to distin- 
guish mildly elevated PSA levels related to prostate carcinoma from elevat- 
ed levels resulting from benign prostatic hyperplasia. The lower the ratio of 
free-to-total PSA (is reported by percentage), the higher the likelihood of 
cancer. For example, more than half of men with a <10% free PSA are 
found to have cancer at biopsy. but only 8% of men with a >25% free PSA 
are found to have carcinoma at prostate biopsy. 

Physical examination findings and PSA level cannot reliably distinguish 
prostatic carcinoma from other prostatic diseases. For this purpose, biopsy 
of prostate gland is warranted, which aid to confirm or exclude the diagnosis 
of carcinoma and in the cases of carcinoma, to determine the Gleason score. 
The opinions on the number of biopsy specimens obtained from prostate 
gland is controversial, but commonly 12-core biopsy (six sextant medial 
cores and six cores from the lateral peripheral zone) is recommended. In in- 
dividuals with a negative biopsy result, epigenetic profiling with the Con- 
firmMDx (a commercially available assay that assesses methylation markers 
of prostate carcinoma) may help do distinguish persons who have a true 
negative biopsy result from those at risk for occult carcinoma. 

In individuals with a steady elevated PSA level despite negative biopsy 
results, the opinions support repeating the biopsy once or twice, If the re- 
sults of repeatedly obtained biopsies are negative, repeat round of biopsies 
are suggested when the PSA level is elevated by 25% from the level at 
which the last biopsies were performed. Repeat biopsy after a previous neg- 
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ve biopsy is also indicated in the following circumstances: suspicious 
findings on DRE; atypical small acinar proliferation on pathologic examina- 
tion; high-grade prostatic intraepithelial neoplasia on pathologie examina- 
tion. 

Men with PSA level >10 ng/mL, high-grade histology (Gleason score >8) 
or putative T3 disease on physical examination may suggest a staging CT 
sean and bone scan. CT scan can evaluate tumor extension into the bladder 
and detect enlarged lymph nodes, For this purpose, conventional endorectal 
MRI (is helpful for local staging), diffusion-weighed MRI (improves detec- 
tion of transition-zone prostate carcinoma) or multi-parametric MRI (com- 
bination of T2-weighed images with diffusion-weighed imaging) are also 
performed (Figure 24.4). It should be noted that neither CT scan nor MRI 
can determine whether the lymph nodes are reactive or contain deposits of 
carcinoma cells unless the nodes are significantly enlarged 

According to recommendations, technetium-99m-methyl diphosphonate 
(99m'Te MDP) bone sean should be performed at initial diagnosis in the fol- 
lowing circumstances: TI disease, PSA level >20 ng/mL; T2 disease, PSA 
level >10 ng/mL; Gleason score >8; T3/T4 disease: symptoms suggestive of 
bone metastasis. 

For detecting prostate carcinoma, transrectal US (TRUS) is also em- 
ployed, but the hypoechoic areas mostly associated with carcinoma are not 
specific enough for accurate diagnosis. For more targeted approach to obtain 
prostate biopsy in clinically insignificant cases, MRI-TRUS fusion biopsy 
technique was developed, which using software superimposes images ob- 
tained from MRI onto real-time ultrasound sequences. 


‘ 

F; 
Figure 24.4, Multiparametric magnetic resonance imaging (mpMRI) detects prostate car- 
cinoma in a 58-year-old man who had a doubling of serum PSA in less than 2 years, A — 
‘an oval, uniformly low signal mass (arrow) on T2-weighted imaging (T2W1) with cir- 
cumscribed margins; B ~ focal high signal on diffusion-weighted imaging (DWT). Margo- 
lis DJA. Multiparametric MRI for localized prostate cancer: lesion detection and staging, 
‘BioMed Res Intl, 2014, Article ID 684127. Available under the CC BY 4.0 license. 
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Figure 24.5, A 72-year-old man with biopsy-proven local prostate carcinoma recurrence 
after EBRT. A ~ the lesion is not detectable on axial contrast-enhanced CT; B— #F- 
choline-PET-MRI_ image demonstrates precise correspondence between PET-positive 
focus and MRI finding. Piccardo A, Paparo F, Picazzo P et al. Value of fused 18F- 
choline-PET/MRI to evaluate prostate cancer relapse in patients showing, biochemical 
recurrence after EBRT: preliminary results. BioMed Res Intl, 2014; Article ID 103718, 
Available under the CC BY 4.0 license. 


PET scan using '“F-fluorodeoxyglucose (!*FDG PET) was disappointing 
for detection of prostate carcinoma; '*F-choline PET scanning fused with 
CT imaging ('F-choline PET-CT) or MRI ('F-choline PET-MRI) is more 
promising, but is not the standard of care (Figure 24.5). 

Once prostate carcinoma is diagnosed, pretreatment evaluation includes 
complete blood count, comprehensive metabolic panel, chest radiography, 
and ECG, which assist in determining optimal therapy. 

Histopathologic examination of surgical specimen (resectate) determines 
the histological subtype of carcinoma, Gleason score, T-stage and assess the 
removed lymph nodes, which are important for final pathologic staging and 
planning further treatment. 


TREATMENT 


‘There is no consensus regarding optimum management of localized pros- 
tate carcinoma, Standard management of clinically localized disease in- 
cludes watchful waiting, active surveillance, definitive local therapy (radical 
prostatectomy or radiation therapy). Whether any of these approaches pro- 
vides better survival compared with the others remains controversial 


Watchfiul waiting and active surveillance 


Watchful waiting is defined as observation of prostate carcinoma that is 
not causing any symptoms or complications without definitive local therapy 
until it started to cause symptoms or has metastasized. It is a less aggressive 
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Way of monitoring prostate carcinoma. This approach usually involves few= 
er tests than active surveillance. In other words, watehfuul waiting does not 
involve regular biopsies and other frequent testing. The main benefit of this 
approach is avoidance of treatment-related risks and complications, Howev- 
er, with this approach, the cancer could grow and spread. Watchful waiting 
is the best approach for men with other life-threatening comorbidities. 
Watchful waiting with delayed hormone therapy for symptomatic progres- 
sion is an option for men with low-risk disease. For this risk group, survival 
benefit of surgery over watchful waiti ed. 

Active surveillance for prostate carcinoma involves monitoring of indi- 
viduals with very low, low and favorable intermediate-risk prostate carci- 
noma without symptoms following the initial diagnosis. This approach gen- 
erally encompasses continued PSA monitoring at certain intervals, confirm- 
atory prostate biopsy, and repeat prostate biopsies at predetermined times 
(usually 12-24 months apart), The time to discontinue active surveillance 
has not been established. Active surveillance for prostate carcinoma is ree- 
ommended by many international organizations. This approach is good for 
men with higher risk from surgery or radiation therapy. Radical prostatec- 
tomy or radiotherapy (EBRT or brachytherapy) are options for men with 
low- or intermediate-risk disease. 


Surgical management 

Surgical therapy for prostate carcinoma involves the removal of prostate, 
seminal vesicles and the draining pelvic lymph nodes with reanastomosis of 
the bladder to the urethra, Historically, prostatectomy has been performed 
via various approaches, but currently, radical retropubic prostatectomy is 
used as the gold standard for prostate cancer surgery. Since the introduction 
of robotic surgery, robotic prostatectomy is increasingly being performed: 
currently in specialized centers more than 85% of prostatectomy cases are 
carried out via robotic technique. Surgery for prostate carcinoma carries 
some risks in long-term period, including urinary incontinence and erectile 
dysfunction, It should be noted that the long-term outcomes after prostatec- 
tomy for cases with low- and intermediate-risk diseases are favorable, 


Radiation therapy 
Radiation therapy also provides the potential for curative treatment of lo- 
calized prostate carcinoma. Radiotherapy is delivered either from external 
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source (EBRT) or via implanted radioactive seeds (brachytherapy), or in 
combination of both (with or without concurrent androgen deprivation ther- 
apy). 

Radiation therapy is associated with a high risk of persistent fecal urgen- 
incontinence of gas, hemorrhagic cystitis, erectile dysfunction, bladder 
neck contracture, and secondary malignancy (bladder cancer, colorectal 
cancer) in the radiation field, It should be noted that EBRT, but not brachy- 
therapy is associated with high risk of second malignancy (1-8%). On the 
Whole, radiation therapy and surgery have similar effect on quality of life. 

Immediate adjuvant radiotherapy after radical prostatectomy is not rou- 
tinely recommended. Adjuvant radiotherapy should be considered for pa- 
tients with positive surgical margins or extracapsular extension of the tumor, 
with benefits and adverse effects of radiotherapy (on urinary, bowel and 
sexual functions) being explained. 


Androgen deprivation therapy 

Neoadjuvant and concurrent androgen deprivation therapy (ADT) for 4-6 
months improve survival and are recommended for men receiving radical 
radiotherapy for high-risk disease, and should be considered for men with 
intermediate-risk disease. So ADT has been demonstrated to improve sur- 
vival in patients with localized prostate carcinoma who are treated with 
EBRT. Adjuvant ADT for 2-3 years is recommended for men receiving ne- 
adjuvant hormonal therapy and radiotherapy, who are at high risk of pros- 
tate carcinoma mortality. 

‘Treatment approach in patients with advanced or metastatic prostate car- 
cinoma depends on the following four disease states: 

* Biochemical recurrence without metastatic disease (after exhaustion of 
local treatment options); 

* Metastatic hormone-sensitive prostate carcinoma; 

* Non-metastatic castration-resistant prostate carcinoma; 

= Metastatic-castration-resistant prostate carcinoma. 

Not all individuals who have an elevating PSA will develop metastasis, 
and for this reason not all such men require treatment. The risk of metastasi 
and death depend in the Gleason score, the length of time between nadir 
PSA level and the onset of 

Patients with biochemical signs of recurrence and no evidence of metas 
tasis afler radical prostatectomy have the following options for treatment: 
watchful waiting, radiation therapy. or ADT. The use of early ADT does not 
an impact on overall survival and is not routinely recommended for men 
with biochemical relapse unless they have symptomatic local disease, or 
proven metastasis, or PSA doubling time <3 months. Similarly, patients af- 
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ter radiation therapy can be treated with the following options: watchful 
waiting: brachytherapy; (cysto)prostatectomy; eryotherapy; ADT, It should 
be noted that, there are currently no systemic therapy with proven efficacy 
in men with this state who are not candidates for additional local treatment, 

Despite the fact that ADT is a palliative, not curative option, it is consid- 
ered (with or without nonsteroidal antiandrogens) the primary approach for 
the treatment of hormone-sensitive prostate carcinoma. For this purpos: 
castrate level of testosterone (50 ng/dL) can be achieved with Luteinizing 
hormone-releasing hormone (LHRH) agonists, gonadotropin-releasing hor- 
mone (GnRH) antagonists, or orchiectomy. Nevertheless, ADT alone is no 
longer considered sufficient treatment for metastatic hormone-sensitive 
prostate carcinoma. 

Recently, it has been demonstrated that ADT combined either with doce- 
taxel (if patient fit enough for chemotherapy) or androgen pathway-directed 
therapy (abiraterone acetate plus prednisone, apalutamide, enzalutamide) 
significantly extends the survival of patients with metastatic hormone- 
sensitive prostate carcinoma. The first oral androgen deprivation drug, re- 
lugolix is approved by FDA (USA) for advanced hormone-sensitive prostate 
carcinoma. Relugolix being a GnRH-receptor antagonist decreases gonato- 
tropin release, thereby, lessens the production of testosterone by the testes. 

It should be noted that surgical or medical castration can result in occur- 
rence of numerous side effects, including the followings: gynecomastia, de- 
creased libido, erectile dysfunction, metabolic syndrome, decreased lean 
body mass, osteoporosis, fractures, hot flashes, cognitive impairment, fa- 
tigue, anemia, weight gain, ete. 


Management of castrate-resistant prostate carcinoma 


Eventually, almost all cases of metastatic prostate carcinoma become re- 
sistant to androgen deprivation. In patients with castrate level of testosterone 
(50 ng/dL.), castrate-resistant prostate carcinoma is defined as rise in PSA 
level in 2-3 consecutive tests performed at intervals >2 weeks and/or docu- 
mented disease progression based on the findings from imaging studies 
and/or bone pain, and obstructive voiding symptoms. For treatment of the 
patients with androgen-independent prostatic carcinoma, numerous options 
are used, which can significantly prolong the survival and improve the pa- 
tients’ quality of life: hormonal therapy (megestrol, corticosteroids, estro- 
gen); inhibitor of androgen biosynthesis (abiraterone acetate); nonsteroidal 
antiandrogens (enzalutamide, apalutamide), chemotherapy (docetaxel, caba- 
ARP inhibitors (rucaparib, olaparib); radiation therapy. bisphos- 
It should be noted that despite androgen independence of the pro- 
gression in those cases, the general consensus among specialists is that the 
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androgen suppression therapy should continue. The explanation is that tu- 
mor may grow faster if the testosterone is permitted to rise. 

Nonsteroidal antiandrogens (enzalutamide, apalutamide) improve surviv- 
al and are recommended for asymptomatic or mildly symptomatic men with 
chemotherapy-naive castration-resistant prostate carcinoma, 

Corticosteroids lead to favorable biochemical and clinical responses and 
dexamethasone appears to be more active than prednisolone, without proven 
overall survival benefit, 

In patients with castrate-resistant prostate carcinoma, radiotherapy is also 
used for palliative purpose (for painful bone metastasis, in patients at risk 
for fracture, in cases of impending spinal cord compression). For this pur- 
pose (in cases without visceral metastasis), radium-223 dichloride (formerly 
alpharadin) can also be used, which is an alpha particle, emitting radioactive 
agent 

Docetaxel has been shown to improve overall survival in patients with 
castration-resistant prostate carcinoma and is recommended for metastatic 
cases. 

It should be noted that the optimum sequence of these therapies has not 
been established and should be guided by factors including disease extent, 
comorbidities, patient preference and availability of treatment modality. 


PROGNOSIS 


Prognosis for prostate carcinoma depends on PSA level, pathologie stage, 
histologic grade of the tumor, Approximately half of patients with localized 
prostate carcinoma are estimated to progress despite the initial cure-intent 
treatment, Elevation of PSA level after 2 years following local treatment is 
associated with higher survival rate compared to that occurring within the 
first two years after treatment, 

‘The reported 5-year survival rate for localized prostate carcinoma is 
100%; up to 100% for regional prostate carcinoma; 30% for metastatic pros- 
‘tate carcinoma. 


PREVENTION 


Given that a clear association between prostate carcinoma and preventa- 
ble environmental factors has not been established, reliable and effective 
measures for the prevention of this carcinoma have not been developed. De- 
spite this, there are factors that can reduce the risk of prostate carcinoma to a 
certain extent: 

* Maintaining a physically active lifestyle, losing excess weight, which can 
be recommended unequivocally because of their multiple benefits; 
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* Following a low-fat balanced diet rich in vegetables, fruits, and grains; 
Preferring plant oils and avoiding margarine, which contains trans-fatty 


= Consuming red meat as little as possible, Consuming a lot of fish ins 
as fish contains omega-3 fatty acids; 
* Not using artesian and well water for drinking and food preparation; 


Screening for prostate carcinoma 


Routine screening is not recommended in any age group. Currently, men 
older than 50 years are no longer recommended routinely receive PSA test- 
ing for screening because there is no consensus that screening for prostate 
carcinoma saves lives, and also because treatment often leads to complica- 
tions (¢.g.. impotence and incontinence). Therefore, men should start screen- 
ing at the following ages: 

* “Age 50 for individuals who are at average risk of developing prostate 
carcinoma: 

* Age 45 for those at high risk, including men with a first-degree relative 
(father, brother, son) diagnosed with prostate carcinoma before age 65, 
and African Americans: 

* Age 40 for those at higher risk (more than one first-degree relative diag- 
nosed with prostate carcinoma at an early age). 

For screening, men should be tested with a PSA test. DRE may also be 
performed as a part of screening procedure. If screening cannot detect pros- 
tate carcinoma, the time between subsequent screenings depends on the re- 
sult of PSA test, as follows: PSA <2.5 ng/mL, retesting may be carried out 
every 2 years; PSA >2.5 ng/mL, retesting should be done annually 


Follow-up for prostate carcinoma survivors 


Follow-up for prostate carcinoma survivors is not standardized. ‘The rec~ 
ommendations according to evidence- and expert-based guidelines include 
the followings: 

* Serum PSA levels should be checked every 6-12 months during the first 
five years of follow-up and then should be assessed annually; 

* Annual DRE should be performed (is not required for asymptomatic pa- 
tients); 

* Patients undergone ADT should be periodically monitored for treatment- 
related anemia; routine therapy for anemia in asymptomatic patient is not 
necessary; 

* Owing to the risk for osteoporosis and bone fracture in patients under- 
gone ADT, periodical assessment of serum calcium and vitamin D levels 


37 


Bayramov RB ‘Textbook of Oncology 


and bone-density scanning should be performed and the patients should 

receive dietary counseling, supplements (if needed) and appropriate ther- 

apeutic interventions; 
= Patients suffering from depression and anxiety due to sexual dysfunction, 
or bowel and urinary problems may need counseling referral. 

In patients undergone radical prostatectomy, PSA test should be per- 
formed every 3-4 months for the first two years, every 6 months for the sec- 
ond and third years, and annually thereafter. 

In patients treated with EBRT. PSA test and DRE should be performed 
every 3-6 months for 5 years, and yearly thereafter, with brachytherapy, 
PSA test is carried out every 3-6 months for first 2 years and annually there- 
after, Benefits of periodic prostate biopsies following radiation therapy have 
not been proven. 

PSA levels greater than 0.2 ng/mL. are considered biochemical recurrence 
in patients undergone radical prostatectomy. 2-3 consecutive rises in PSA 
level following a nadir level, or rise of 2 ngmL above the nadir PSA level 
following radiation therapy is also considered biochemical recurrence. Bio- 
chemical recurrence should prompt closer follow-up and consideration of 
alternative treatment modality. If PSA level doubles every 12 months or 
reaches minimal level (10 ng'mL), imaging studies may be performed. 
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25| THYROID 
CARCINOMA 


EPIDEMIOLOGY AND STATISTICS 


‘Thyroid cancer ranked 15th among all malignant tumors worldwide in 
2020. In the same year, 586,202 new cases of thyroid cancer were diagnosed 
globally (in 2012, about 298.000), accounting for 3.0% of all malignancies. 
Thyroid carcinoma accounts for 98-99% of all cancers arising from thyroid 
gland. 


The actual incidence of thyroid carcinoma is much higher than the incidence obtained 
from epidemiological data. Papillary thyroid microcarcmoma is found in $-9%6 of autopsy 
ceases (non-thyroid cancer deaths). According to screening results, 3.5% of women in Ja- 
pan were found to have papillary thyroid microcarcinoma, which was 1,000 times higher 
‘compared with the prevalence of clinically detected thyroid carcinoma. It should be noted 
that, according to WHO, papillary thyroid microcarcinoma is a special subgroup of papil- 
Jary carcinoma up to 10 mm in size. 


Like other diseases of thyroid gland, thyroid carcinoma is 3-4 times more 
common in women compared with men. Although thyroid carcinoma can 
occur at any age, it is mostly detected in people over the age of 30. 

In the incidence of thyroid carcinoma, a bimodal peak in the distribution is observed: at 

a young age, the peak of incidence is associated with papillary and follicular carcinoma, 
at an older nge with anaplastic carcinoma. This explains the reason why thyroid carcino- 
ma at a young age has a better prognosis compared with older age It should be noted that 
in women the peak incidence is observed at age 40-50 years, in men 60-70 years, 

‘The highest incidence of thyroid carcinoma worldwide is seen in Hawaii 
Where the rate is approximately 10 times higher compared to that in Poland 
Where the lowest incidence of thyroid carcinoma is observed. 

In the recent decades, there has been an increase in the incidence of pa- 
pillary thyroid carcinoma in Wester countries, the reason for which is not 
fully known. Over the past three decades, the incidence rate has increased 
2.5 times for both sexes in the United Kingdom, The annual rate of increase 
in the incidence of this cancer in the United States was 2.4% from 1980 to 
1997, 6.6% from 1997 to 2009. Despite the global increase in the incidence 
of this cancer, in Sweden and Norway this parameter is declining, 
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In 2020, there were 43.646 cases of death from thyroid carcinoma 
worldwide (in 2012, about 37.800), accounting for 0.4% of all the cases of 
cancer-related death. 


ETIOLOGIC FACTORS: 


Environmental factors: 


Exposure to ionizing radiation (X-rays and gamma rays) is considered 
one of the causes of thyroid carcinoma. In the United Kingdom, 1% of thy- 
roid carcinoma cases are associated with exposure to this factor. Sources of 
such radiation are accidents at nuclear power plants and explosions of nu- 
clear bombs. ‘Therefore, the risk of developing thyroid carcinoma is too high 
in survivors (aged <20 years) after the explosion of the atomic bomb and in 
residents of areas contaminated with radioactive substances after nuclear 
power plant accidents, as well as in people who received radiation therapy 
to the head and neck in childhood. The magnitude of the risk is very de- 
pendent on the dose of radiotherapy and on the age of the child, at what age 
he received radiation therapy. The risk of developing thyroid carcinoma is 
10-15 times higher in people who received radiotherapy at a dose of 10-30 
Gy in childhood. The higher dose of radiotherapy and the younger age of 
the child further increase the risk. In the latter case, the risk of developing 
thyroid carcinoma increases by about 50 times. Thyroid carcinoma usually 
develops an average of 25 (5-50) years after exposure to radiation. Treat- 
ment with "'] for benign conditions has not been shown to increase the risk 
of developing thyroid carcinoma, 

Exposure to radiation later in life does not pose a high risk for developing 
thyroid carcinoma, It should be noted that exposure to radiation especially 
increases the risk in people with iodine deficiency, rather than in people 
with normal levels of iodine in the body. 

It is sill not clear how much the risk of developing thyroid carcinoma increases when 

exposed to X-rays for diagnostic purposes. Head CT scans in childhood have been shown 
to increase the risk of developing thyroud carcinoma by 33-78% 


In the development of follicular thyroid carcinoma, a lack of iodine in the 
diet plays a major role. A lack of iodine in the diet can also increase the risk 
of developing papillary thyroid carcinoma if the person has had previous 
exposure to ionizing radiation. 
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Eating iodine-rich marine foods in regions where active volcanoes are 
close to where these foods are obtained (such as Hawaii or Iceland) has been 
shown to be associated with a high incidence of papillary thyroid carcino- 
ma, 

According to WHO/UNICEF recommendations, daily intake of iodine should be 90 yg 
for bubies and young children (up to 6 years old), 120 yg for children 6-12 years old, 150 
ug for adolescents, young and old people, 250 yg for pregnant or breastfeeding women. 
‘According to WHO recommendations. iodine deficiency or sufficiency in the diet is as- 
sessed by the average concentration of iodine in the urine according to the following eri- 
teria: <20 g/l, severe deficiency; 20-49 ya/l, moderate deficiency; 50-99 yg/l, mild defi- 
ciency; 100-299 ip, sufficient, >300 yg, excess. 

It should be noted that 1% of thyroid carcinoma cases are associated with 
lifestyle. 


Precancerous lesions and diseases 


Despite the fact that the WHO Blue Books report that specifie precancer- 
ous diseases that contribute to the development of thyroid carcinoma are 
unknown, some pathological conditions of thyroid gland are considered to 
be at risk of malignancy. 

Benign proliferation of thyroid follicular cells leads to the development 
of various neoplasms: follicular adenoma, hyperplastic nodule and dyshor- 
monogenetic goiter. There is evidence that thyroid carcinoma is frequently 
associated with these benign neoplasms. In about 7-17% of cases of solitary 
thyroid nodules, histopathological examination of the resectate reveals foci 
of thyroid microcarcinoma. 

Follicular adenoma is a benign monoclonal neoplasm surrounded by a 
capsule with preservation of a glandular structure. Follicular adenoma de- 
velops against the background of a normal thyroid gland and are almost al- 
ways solitary. Follicular adenoma does not undergo degenerative changes; 
hemorrhage, infarction or necrosis (if a fine needle aspiration biopsy has not 
been performed), Follicular adenoma is 4 times more common in women 
than in men. In 10% of cases, this neoplasm is functionally active and caus- 
es subclinical hyperthyroidism or overt thyrotoxicosis, 2% of cases of thyro- 
toxicosis are associated with follicular adenoma, Follicular adenoma is de- 
scribed as a potential precancerous disease in many manuals and reviews 
because the morphological structure and genetic changes in this pathological 
condition are very similar to those in differentiated carcinoma (papillary or 
follicular) of the thyroid gland, Despite this, follicular adenoma is not ac 
cepted as a precancerous disease with a high risk of malignancy, and pre- 
ventive surgery is not recommended for this pathology due to the low inci 
dence of malignization. The term "atypical adenoma’ is used when the ade- 
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noma shows unusual histological architecture and nuclear atypia. In fact, in 
many cases, atypical adenomas are differentiated thyroid carcinomas. 


Follicular adenoma is the most common neoplasm of the thyroid gland. This neoplasm 
shares & common risk factor (iodine deficiency in the body) with follicular thyroid carci- 
noma, Follicular adenoma is found in 3-4.3% of autopsy cases. According to histopatho- 
logical examination of the thyroid resectate, the ratio of follicular adenoma to follicular 
carcinoma is 5:1. Most cases of follicular adenoma are clinically and biochemically eu- 
thyroid, and only 10% of cases of this neoplasm are toxic adenomas, Follicular adenomas 
{in most cases show a "cold lesion” on radionuclide examination. Cytologically, itis im- 
possible to distinguash follicular adenoma from follicular carcinoma. The only pathologi- 
cal criterion for follicular carcinoma is the invasion of the tumor into the capsule. There- 
fore, pathological examination of the peripheral region of these neoplasms is a mare rea- 
sonable approsch, 

Hyperplastic (adenomatous) nodules of the thyroid gland usually develop 
against the background of a nodular goiter. Hyperplastic nodules may be 
endemic (due to dietary iodine deficiency) or sporadic (cause unknown). 
Compared to men, hyperplastic nodules are 20 times more common in 
women. They differ from follicular adenomas in that they do not have a de- 
‘veloped fibrous capsule and are often multiple. In addition, unlike follicular 
adenomas, hyperplastic nodules show a heterogeneous architecture (follicu- 
lar adenomas have a homogeneous histoarchitecture). Unlike follicular ade- 
nomas, hyperplastic adenomatous nodules have various forms of degenera- 
tive changes; hemorrhage, infarction, necrosis, or cysts. Both lesions have a 
clear contour and grow slowly. Hyperplastic nodules and follicular adenoma 
do not have distinguishable ultrasonographic and cytological features. Inci- 
dental papillary microcarcinoma is found in 5-10% of cases of hyperplastic 
adenomatous nodules, 

Individuals with radiation-induced thyroiditis has a high risk of develop- 
ing thyroid carcinoma. 

‘There is reliable evidence that atypical nodules that develop in autoim- 
mune thyroiditis Hashimoto, are at risk of developing into thyroid carcino- 
ma. Approximately a quarter of cases of papillary thyroid carcinoma is as- 
sociated with autoimmune thyroiditis. 

Obesity is considered one of the causes of thyroid carcinoma. The risk of 
thyroid carcinoma is 30-60% higher in obese individuals (BMI 230 kg/m*). 
It is estimated that 8% of thyroid carcinoma cases in the United Kingdom 
are associated with obesity and overweight. 


Hereditary disorders 

Despite the fact that the hereditary nature of medullary thyroid carcinoma 
is beyond doubt, the genetic predisposition for the development of differen- 
tiated carcinomas, follicular and papillary thyroid carcinomas is rarely ob- 
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served (only 5-6% of cases). It should be noted that the majority of cases of 

familial thyroid carcinoma are familial non-medullary thyroid carcinomas. 
The following hereditary disorders are associated with an increased risk 

of thyroid carcinoma: 

* Multiple endocrine neoplasia 2 (MEN2), 

* Familial non-medullary thyroid carcinoma, 

Dyshormonogenetic goiter, 

Cowden syndrome, 

Carney complex, 

Familial adenomatous polyposis, 

Turcot syndrome, 

Werner syndrome, 

Germline heterozygous mutation in the CHEK? gene, etc: 


Medullary thyroid carcinoma in 25% of eases is inherited due to germline 
mutations in the corresponding genes. These cases of medullary thyroid car- 
cinoma are called familial medullary thyroid carcinoma. It should be noted 
that hereditary forms of medullary thyroid carcinoma are observed in child- 
hood and adolescence. Familial medullary thyroid carcinoma can occur 
alone or with other endocrine tumors. The combination of familial medul- 
lary thyroid carcinoma with other endocrine neoplasms is called multiple 
endocrine neoplasia 2 (MEN2). Familial medullary thyroid carcinoma and 
MEN? syndrome develop due to germline heterozygous mutations (inher- 
itance pattem is autosomal dominant) in the RET gene (10q11.21), This 
gene codes for a specific protein that is involved in signal transduction and 
is an important protein in the development of the autonomic nervous system 
and enteric neurons. MEN2 is a very rare syndrome, approximately one out 
of 35,000-200.000 newboms is born with this disorder. 70-100% of eases of 
this syndrome is associated with medullary thyroid carcinoma. 

‘There are two subtypes of MEN2: MEN2a (Sipple syndrome) and 
MEN2b; the development of both subtypes is associated with mutations in 
the RET gene. MEN2b is sometimes termed MEN3. In ME! , 
thyroid carcinoma is associated with pheochromocytoma (in 50% of cases, 
mostly bilaterally) and parathyroid tumors (in 20% of cases), ‘Therefore, 
MEN2a is sometimes called PMP (pheochromocytoma, medullary carcino- 
ma, parathyroid tumor) syndrome, In MEN2b, medullary thyroid carcinoma 
is combined with pheochromocytoma and benign neoplasms of nerve end- 
ings, neuromas of the oral cavity and intestines. Hence, MEN2b is some- 
times called MPM (medullary carcinoma, pheochromocytoma, mucosal 
neuromatosis) syndrome (Figure 25.1). MEN2b is much less common than 
MEN2a; only 5-10% of MEN2 cases are attributable to MEN2b subtype. 
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Lan J 
Figure 25.1. Mucosal neuromas on the anterior third of the tongue in 19-year-old female 
patient with MEN2b. On physical examination, she had goiter with large nodule in the 
right lobe of her thyroid gland. Histopathological examination of a samples obtained via 
FNAB confirmed medullary thyroid carcinoma Shahnazari B, Aghamaleki A, Larijan B 
et al. A case of Multiple Endocrine Neoplasia type 2B and gangliomatosis of gastrointes- 
tinal tract, Case Rep Medicine, 2012; Article ID 491054, Available under the CC BY 40 
license 


‘More than 25 different mutations ure known to be responsible for the occurrence of 
MEN2. MEN2a most often develops due to a mutation in the RET gene, in which the 
‘amino acid cysteine at position 634 is replaced by the amino acid arginine (referred to as. 
(Cys634.Ang or C634R) i the corresponding protein. More than 90% of MEN2b cases are 
associated with a mutation in the RET gene that results in the replacement of the amino 
‘acid methionine at position 918 with the amino acid threonine (referred to.as Met918Thr 
or M918T), Certain mutations resulting in other amino acid substitutions have been asso- 
ciated with famiial medullary thyroid carcinoma. Thus, in 95% of cases of MEN2a, and 
in 85% of cases of familial medullary thyroid carcinoma, characteristic mutations in the 
RET gene are found. It is important to note that mutations in the RET gene (there are 200 
such different mutations) are also the main causes of Hirschprung disease and pheochro- 
‘mocytoma. 

Familial non-medullary thyroid carcinoma is an independent clinical en- 
tity that is characterized by a high incidence of multiple foci of carcinoma in 
‘ociation with or without multiple benign nodules in the thyroid gland, 
his syndrome is a genetically heterogeneous disorder (the inheritance pat- 
tem is autosomal dominant), and the presence of bilateral and multifocal 
foci of carcinoma (synchronously or in the near future) is the main feature 
of the mentioned disorder. This syndrome occurs due to germline heterozy- 
gous mutations in one of the following genes: P7C/ (10q11-12), MNGI 
(14q21), PTCPRN (also referred to as PRNI, 1q21), TCO (19p13.2), 
SRGAPI (12q14.2), FOXE! (9922.23), HABP 2 (10q25.3), NMTC3 (former- 
ly referred to as NMTC/, 2421). Depending on the gene in which the 
ermline mutation has occurred, thyroid carcinoma can show papillary car~ 
cinoma (with mutations in the PTC!, MNGI, PTCPRN, SRGAP1, FOXE1, 
HABP? genes), papillary carcinoma with cellular oxyphilia (with mutations 
in the 7CO gene), or follicular carcinoma (with mutations in the NM7C3 
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gene); can be combined with multinodular goiter (with mutations in the 
MNGI gene), kidney tumors (with mutations in the PTCPRN gene) or de- 
velop without combination with other neoplasms (with mutations in other 
genes), In familial non-medullary thyroid carcinoma cases, the tumor is de- 
tected more often at a younger age compared with sporadic cases of thyroid 
inoma. As stated above, the histological type of thyroid carcinoma in 
this syndrome most often (in 85% of cases) demonstrates papillary carcino- 
ma, but mixed papillary and follicular carcinoma are also observed together. 
Dyshormonogenetic goiter is characterized by thyroid hyperplasia, which 
occurs due to a hereditary, mostly autosomal recessive defect in the synthe- 
sis of thyroid hormones (dyshormonogenetic goiter associated with a mutat 
ed DUONA2 gene is inherited in an autosomal dominant pattem), This dis- 
order develops as a result of homozygous (or compound heterozygous) mu- 
tations in the TG (8q24.22), TPO (2p25.3), SLCSAS/NIS (19p13.11), 
SLC2644/PDS (7422.3), IYD/DEHAL! (6925.1), or DUONA2 (15q21.1) 
genes (in one or some at the same time). TG and TPO are the most com- 
monly mutated genes associated with this disorder. Dyshormonogenetic goi- 
ter is the second (10-15%) cause of congenital hypothyroidism after thyroid 
dysgenesis. The prevalence is one out of 30.000-50,000 live births. In wom- 
‘en, it is observed 2 times more often compared to men. In most cases, the 
disease manifests itself in early childhood, and therefore growth retardation 
may be observed in the affected children. Pathologically, dyshormonogenet- 
ic goiter is multinodular. Severe nuclear atypia, an enlarged cell nucleus, 
and fibrosis that separates the nodules and mimics uneven growth are fea- 
tures of dyshormonogenetic goiter that are confused with signs of a malig- 
nant process. In approximately 5% of cases of dyshormonogenetic goiter, 
thyroid carcinoma (more often follicular than papillary) develops. 
Cowden syndrome (multiple hamartoma syndrome) is also associated 
ith an increased risk of thyroid carcinoma in addition to many other ma- 
lignancies (see page 412), Thyroid neoplasm in Cowden syndrome is the 
most common extracutaneous lesion, In 65% of the corresponding patients, 
thyroid diseases of various kinds are observed, which typically affect follic- 
ular cells (Iymphocytic thyroiditis, multiple adenomatous nodules, follicular 
adenomas, carcinoma, etc.). Thyroid carcinoma in Cowden syndrome de- 
velops in 3-40% of cases and tends to appear as follicular (sometimes papil- 
lary) carcinoma. Of note, medullary thyroid carcinoma is not seen as part of 
the clinical spectrum in Cowden syndrome. 
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Carney complex is an autosomal 
dominant syndrome of familial 
neplasia associated with thyroid c: 
cinoma, and diagnosed, on average, 
at the age of 20 years. 80% of cases 
of this hereditary disorder occur due 
to germline heterozygous mutations 
in the PRKARIA (protein kinase A 
type [alpha regulatory subunit, 
17q24.2) gene. In 20% of cases, 
Carney complex develops as a result 
of germline mutations in the CNC2 
gene (2p16). Based on which gene 
has been mutated, some authors dis- 
tinguish Carey complex 1 and Car- 
ney complex 2. Carey complex is 
characterized by skin pigment: 
disorders, myxomas, endocrine tu- 


mors (primary pigmented adreno- 
cortical nodular disease. pituitary 
tumors, Sertoli-cell and Leydig-cell 
tumors, thyroid carcinoma, ete. 


endocrine hyperactivity 
schwannomas (Figure 25.2). Pale 
brown or blackish pigment spots on 
the skin are the most common mani- 


Textbook of Oncology 


Figure 25.2. Characteristic spotty skin pig- 
mentation on the face and on the lower lip 
in a 22-year-old male patient with Camey 
‘complex. The patient had myxomas in all 
chambers of the heart (ranging in size from 
226m to 75 em), The patient's 14-year-old 
brother tad multiple spotty skin pigmenta- 
tions on his face, and a year later, multiple 
myxomas were also detected in the left atri- 
tum and in both ventricles of the heart. Both 
patients had a mutation (¢491_492delTG) in. 
the PRKARIA gene. Guo H, Xu J. Xiong H, 
‘Hu S. Case studies of two related Chinese 
Patients with Camey complex presenting 
with extensive cardiac myxomas and 
PRKARIA gene ‘mutation of 
e491 492%deITG. World J Surg Oncol, 
2015, 13: 83-88. Available under the CC 
BY 4.0 license. 


festation of Carey complex, and the number of these spots typically in- 
creases during puberty, Cardiac mysomas are observed in adolescence and 
manifest as intracardiac obstruction, embolic events, and heart failure, Myx~ 
omas can also develop in other sites: on the skin, in the mammary gland, in 
the oropharynx, and in the female genital tract. Cutaneous myxoma occurs 
in 30-55% of patients with Carey complex and is mainly found in the eye- 
lid, external ear canal, breast nipple, and g. 


‘Pigmented spots on the inner surface of the eyelids in the region of the outer or inner 
canthus are observed in Carney complex or Peutz-Jeghers syndrome, the detection of 
which suggests the mentioned hereditary disorders. 

Primary pigmented nodular adrenocortical disease (PPNAD), which 
causes Cushing syndrome, is the most common endocrine tumor (approxi- 
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mately 25% of eases) seen in Camey complex. Adrenocortical adenomas are 
found in 1% of patients with Camey complex, the prevalence of which in 
the general population is only 4-12 cases per 1.000.000 population, Adreno- 
cortical carcinoma is sometimes observed in patients with Camey complex, 
which most likely develops against the background of PPNAD. In cases of 
adrenocortical carcinoma, along with excessive production of cortisol, there 
is often an excess production of androgens, which can be useful in differen- 
tiating adrenocortical carcinoma from larger nodes in PPNAD. 10% of pa- 
tients with Camey complex have acromegaly (due to growth hormone- 
producing adenoma). 

Large-cell calcifying Sertoli-cell tumors (LCCSCTs) occur in one-third 
of affected males in the first decade of life, and in almost all adult males. It 
should be noted that 40% of LCCSCT eases are associated with Camey 
complex and Peutz-Jeghers syndrome (see page 403). 20% of LCCSCT cas- 
es are observed bilaterally, and bilaterality is mainly associated with the 
Carney complex. 

10% of patients with Camey complex have psammomatous melanotic 
schwannomas. These schwannomas are called psammomatous because they 
show foci of calcification on microscopy (from the Greek "psammos" is 
sand"). Psammomatous melanotic schwannomas can be observed in the 
spinal nerves, in the gastrointestinal tract, and in the soft tissues of the ex- 
tremities. Half of cases of psammomatous melanotic schwannomas occur as 
an element of the Camey complex, and in 1-10% of the cases they are ma- 
lignant 

Approximately 75% of individuals with Camey complex have multiple 
thyroid nodules, mostly follicular adenomas. Individuals with Camey com- 
plex are at high risk of developing papillary or follicular thyroid carcinoma 
Follicular or papillary thyroid carcinoma occurs in 15% of individuals with 
Carney complex. Given the aforementioned features, Camey complex has 
recently been accepted as a subtype of multiple endocrine neoplasia (MEN) 
syndromes. 

Familial adenomatous polyposis (FAP), as well as Gardner syndrome are 
also associated with an increased risk of thyroid carcinoma in addition to 
many other malignancies (see page 400). In 2-12% of patients with FAP, 
thyroid carcinoma is detected. Thyroid carcinoma, in appropriate cases, is 
observed mainly in women (in 94% of cases) younger than 35 years and in 
papillary differentiation with multifocal damage. In women with germline 
mutations in the APC gene, thyroid carcinoma is observed 160 times more 
often than in women without this mutation, Thyroid carcinoma observed in 
the mentioned syndromes are more often bilateral and multiple. It should be 
noted that papillary carcinoma in FAP and Gardner syndrome occurs in a 
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peculiar subtype, cribriform-morular carcinoma, which is almost exelusive- 
ly observed in those syndromes and is characterized by a favorable progno- 


Turcot syndrome is also associated with an increased risk of developing 
thyroid carcinoma in addition to colon carcinoma and other cancers (see 
page 403). 

Werner syndrome is also associated with an increased risk of developing 
thyroid carcinoma (found in 18% of patients) in addition to many other 
mesenchymal, melanocytic, and epithelial malignancies (see page 197). In 
Werner syndrome, papillary thyroid carcinoma is the most common (in 84% 
of cases), followed by follicular (in 15% of cases) and rarely anaplastic thy- 
roid carcinoma (in 2% of cases). It should be noted that in patients with 
Werner syndrome, the risk of developing malignant tumors of mesenchymal 
origin (sarcomas) and melanoma is especially high. Thyroid carcinoma is 
included in the oncologic spectrum of this syndrome. 

Germline heterozygous mutations in the CHEK2 gene are also associated 
with an increased risk of thyroid carcinoma in addition to many other carci- 
nomas (see page 451). According to data, a germline heterozygous mutation 
in this gene increases the risk of developing papillary thyroid carcinoma by 
approximately 5 times. 

Thyroid carcinoma is also associated with other less known inherited 
disorders: inherited succinate dehydrogenase-deficiency (due to heterozy- 
gous mutation in SDH genes, most commonly in SDHB gene, 1p36.13) 
syndrome Pendred (due to heterozygous mutation in SLC2644/PDS gene, 
7422.3) and DICER! syndrome (due to heterozygous mutation in DICER! 
gene, 14q32.13). 


Conditions associating with an increased risk of thyroid carcinoma 


‘The risk of developing thyroid carcinoma is higher in individuals with a 
history of certain malignant tumors (esophageal SCC, lymphoma, etc.). It is 
not excluded that this risk may be associated with the radiotherapy used for 
the aforementioned malignancies. 

‘The risk of developing thyroid carcinoma is approximately 7 times high- 
er in individuals with a family history of thyroid carcinoma. The tisk is es- 
pecially higher when a first-degree relative was diagnosed with thyroid car- 
cinoma at a young age. 

High stature is associated with an increased risk of developing thyroid 
careinoma, According to data, the risk of developing thyroid carcinoma in- 
creases 6-13% for every 5 cm of growth in height. Individuals with acro- 
megaly are 7.5 times more likely to develop this cancer. 4% of individuals 
with acromegaly develop thyroid carcinoma during their lifetime. 


588 


Bayramov RB ‘Textbook of Oncology 


Overweight has been reported to be associated with an increased risk of 
developing thyroid carcinoma (see above). The risk of thyroid carcinoma is 
10% higher in overweight (BMI 25.0-29.9 kg/m2) individuals. 

According to data, a history of systemic lupus erythematosus is associated 
with a 2-fold increased risk of developing thyroid carcinoma, This associa- 
tion may be due to autoimmune condition involved the thyroid gland as well 
(see above). 

According to data, people with diabetes mellitus have a 45% higher risk 
of developing thyroid carcinoma. 

‘There is an evidence that women with adenomyosis have a 70% higher 
risk of developing thyroid carcinoma. 

According to data, the risk of developing thyroid carcinoma is 6-7 times 
higher in kidney recipients. In such cases. follicular carcinoma is mostly ob- 
served. 


CARCINOG! 


Chromosomal rearrangements that involve RET proto-oncogene were the 
first oncogenic events determined in papillary thyroid carcinoma. These 
events appear to play a role in the development of about 20% of cases of 
papillary thyroid carcinoma. 

Germline RET missense mutation appears to play a crucial role in the de- 
velopment of medullary carcinoma and clinico-biological behavior of such 
cases is significantly dependent on the specific mutation occurred. As an 
example, a germline RET missense mutation resulting in a methionine to 
threonine substitution at position 918 within the RET protein is character- 
ized with aggressive disease with carly local invasion and metastasis, 
whereas replacement of serine by alanine at position 891 leads to the devel- 
opment of medullary thyroid carcinoma with less potential to spread. There- 
fore, unlike medullary carcinoma, which is associated with point mutation 
in RET gene, in papillary thyroid carcinoma chromosomal translocation 
with involvement of RET gene occurs. 


PATHOMORPHOLOGY 


‘The gross appearance of thyroid carcinoma is quite variable. The tumor 
may arise anywhere within the thyroid gland. Thyroid gland has a size of 
average 2.0 em in depth, however, larger tumors can be observed or fre- 
quently subcentimetric lesions are detected. Macroscopically, tumors are 
firm and commonly white in color with infiltrative appearance (in 10% of 
cases is encapsulated) and calcification. Due to extensive sclerosis, small 
lesions may resemble a scar, which mostly has a subcapsular location. Thy- 
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roid carcinoma frequently (20%) demonstrate multifocality, which is ex- 
plained by intraglandular lymphatic spread or true independent clonal pro- 
liferations. Rarely, thyroid carcinoma is almost completely cystic lesion, 
making diagnosis difficult 

The following histological types of thyroid carcinoma are distinguished: 
papillary carcinoma (80%), follicular carcinoma (10%), medullary carci- 
noma (5-10%), and anaplastic carcinoma (1-2%). Hiirthle cell carcinoma, a 
3%), is considered a subtype 

ular carcinoma, but with worse prognosis. 

Papillary and follicular carcinoma together are called differentiated thy- 
roid carcinoma due to differentiated thyroid histostructure and function are 
preserved. It should be noted that the differentiated types of thyroid carci- 
noma have several histological subtypes with different patterns of biological 
and clinical behavior. By example, fall cell variant, diffuse sclerosis variant, 
solid variant, follicular variant of papillary carcinoma and Wartin-like pa- 
pillary carcinoma are distinguished, which have distinctive cytological fea- 
tures, clinical course and prognosis. Also certain distinctive histopathololog- 
ic variants observed in children and young patients (e.g.. diffuse sclerosis 
variant, solid variant) rarely seen in adults. ‘The presence of follicular areas 
in papillary carcinoma does not indicate follicular variant of papillary carci- 
noma; such cases are considered papillary carcinoma. 

Medullary thyroid carcinoma arises from C cell of the thyroid gland, 
which secretes calcitonin and do not accumulate radioiodine 

Lymphatic spread can develop regional lymph node metastasis and occult 
cervical lymph node metastasis is common event in patients with thyroid 
carcinoma, Medullary thyroid carcinoma can develop metastasis in medias- 
tinal lymph nodes as well. Differentiated carcinomas rarely (about 10%) de- 
velop hematogenous metastasis, especially in cases of invasion the sur- 
rounding anatomic structures, which is mainly detected in the lungs and 
bones (50% and 25%, respectively). The rate of bone metastasis is higher in 
follicular carcinoma compared to papillary carcinoma, Medullary carcinoma 
has a greater tendency to hematogenous spread, including liver metastasis. 
Distant organ metastasis is more frequent in anaplastic carcinoma with de- 
tection in 50% of patients at initial diagnos’ 


Staging of thyroid carcinoma 
‘TNM staging of thyroid carcinoma is detailed on page 691 


CLINICAL PRE! 


NTATION 


Patients with thyroid carcinoma mostly present with a painless, solitary 
nodule, discovered during palpation by patients themselves or clinicians. 
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Symptoms and signs of thyroid nodules associated with high (or low) rate of 

thyroid malignaney include the followings: 

* Solitary nodules are most likely to be malignant in patients aged <30 and 

“60 years; 

* The rate of malignancy is especially high in males; 

* Malignant nodules are commonly painless and nontender to palpation. 
Sudden onset of pain is commonly associated with benign disease (main- 
ly due to hemorrhage or infarction); 

* Rapid growth is associated with malignancy (especially typical for ana- 
plastic carcinoma); 

* Hard and fixed nodules are commonly indicative of malignaney. 

Some patients may have persistent cough, full feeling in the neck, diffi- 
culty in breathing or swallowing. Patients with thyroid carcinoma rarely can 
present with symptoms caused by involved lymph nodes, lung or bone me- 
tastases, Therefore, some patients may initially be evaluated for pulmonary 
or osteoarticular symptoms (bone pain, pathologic or spontaneous fracture) 

Given the fact that medullary thyroid carcinoma in 25% of the cases is a 
part of MEN2 syndrome (these patients have marfanoid habitus), hyperpara- 
thyroidism (may be manifested with diarrhea) and clinical presentation of 
pheochromocytoma (paroxysmal hypertension, headaches, sweating, palpi- 
tation, Cushing syndrome) can also be observed in patients with this histo- 
logical type of thyroid carcinoma. 


DIAGNOSTICS 


Clinical examination (history taking, inspection, palpation) can provide 
valuable information in patients with thyroid carcinoma. Obtaining a history 
regarding prior exposure to ionizing radiation and family history of thyroid 
carcinoma (25% of medullary thyroid carcinoma, and 3% of differentiated 
thyroid carcinoma are attributable to inherited genetic conditions) has a di- 
agnostic significance. Palpation may reveal solitary, fixed (that moves with 
trachea at swallowing), hard neck nodule with ill-defined borders and en- 
larged ipsilateral and/or contralateral cervical lymph nodes. 

Current guidelines recommend thyroid-stimulating hormone (TSH) test- 
ing and US of the thyroid gland and central neck (preferably with lateral 
neck) in patients with thyroid nodules. In patients with thyroid nodules and 
a low TSH level. radioiodine imaging (with '*"1 or 71) is recommended: 
autonomously functioning nodule (“hot nodule) is detected, the patient 
should be evaluated for thyrotoxicosis. Patients with hypofunctional nod- 
ules, and those with a normal or elevated TSH level, should be considered 
for fine-needle aspiration biopsy (FNAB). Preoperative FNAB for cytologic 
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examination is not required for nodules <1.0 em. Sensitivity of this proce- 
dure can be improved by using ultrasonographic guidance. Most malignant 
thyroid tumors can be identified cytologically. Distinguishing some benig 
adenomas (follicular adenoma, Harthle cell adenoma) from their malignant 
counterparts on cytological examination is difficult. FNAB di 
f 
monly overexpressed in malignant tumors, ¢.g., HBMEI or 
molecular alterations specifically associated with malignancy (e.g, BRAF 
mutations, RET fusions, other novel gene alterations). If possible, assess- 
ment of RAS gene expression should be performed in cases of indeterm 
cytology. Assessment of RET gene expression should also be done in pa- 
tients with a family history of papillary thyroid carcinoma (RET gene as- 
sessment is also important to identify RET carriers in cases of medullary 
oma). So papillary thyroid carcinoma is strongly associated with some 
ic rearrangement of RET gene due to chromosomal translocation, The 
molecular profiles of follicular and Harthle cell carcinomas are less well 
defined. 

Chest radiography is recommended for assessment of possible metastatic 
diseases and for pretreatment (preanesthesia) evaluation. CT sean and MRI 
are not routinely used at the initial examination of thyroid nodule: these di- 
agnostic modalities are recommended for bulky, fixed, or substemal lesions. 
According to data, single-photon emission CT (SPECT) and SPECT/CT fu- 
sion images can detect occult cervical lymph node metastasis in patients 
with papillary thyroid carcinoma (Figure 25.3). Bone X-ray is used in pa- 
tients with bone pains to exclude (or detect) bone metas 


nosis can be 


tin-3) and 


ate 
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Figure 25.3. CT (A) and ?1-SPECT/CT fusion (B) images obtained from a 15-year-old 
female patient with follicular thyroid carcinoma, who underwent total thyroidectomy 
‘2 months ago. Y1-SPECT/CT revealed a remnant thyroid tissue lesion with high-uptake 
tnd soft tissue nodule, adjacent to the left side of tracheal cartilage. Wang F, Nie H, Li W. 
et al, The clinical significance of remnant thyroid tissue in thyroidectomized differentiat- 
ed thyroid cancer patients on 1311-SPECT/CT. BMC Med Imaging, 2021, 21: 78. Availa 
ble under the CC BY 4.0 license. 
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Fiberoptic laryngoscopy can be executed in patients with difficulties in 
breathing for excluding unrelated abnormalities, which is important for pre~ 
operative evaluation, 

Carcinoembrionic antigen (CEA) is not a specific biomarker for thyroid 
carcinomas, and ean be elevated in several cancers, as well as in healthy 


medullary thyroid carcinoma. This testing is used for diagnosis, staging, 
postoperative management, and prognosis: the higher the serum calcitonin 
level above the normal, the greater the likelihood of medullary thyroid car- 
cinoma (basal levels of >100 pgiml has been demonstrated to have 100% 
predictive value for medullary thyroid carcinoma). It should be noted that 
very rarely patients with clinically apparent medullary thyroid carcinoma 
may have normal of serum calcitonin. The traditionally used penta- 
gastrin-induced calcitonin secretion test is replaced by RET genetic testing 
in familial cases of medullary carcinoma in some countries. 

As stated above. thyroid neoplasms (benign and malignant) arising from 
follicular cells demonstrate a broad range of overlapping clinical and cyto- 
logical features. In other words, a clear distinction between benign and ma- 
lignant diseases arising from follicular cells based on cytological examina- 
tion of FNAB samples is very difficult. For this reason, removing of large 
portion of thyroid gland with the neoplasm may be necessary for definitive 
diagnosis based on histopathological examination that can determine capsu- 
lar or vascular invasion, which is determinant of follicular thyroid carcino- 
ma. 

Once thyroid carcinoma is diagnosed, pretreatment (preanesthesia) eval- 
uation includes complete blood count, comprehensive metabolic panel, and 
ECG, which assist in determining optimal therapy. 

Histopathologic examination of surgical specimen (resectate) determines 
the histological type of carcinoma, T-stage and assess the removed lymph 
nodes, which are important for final pathologic staging and planning further 
treatment. 


TREATMENT 


Primary thyroid tumor management is determined by the results of the 
preoperative risk assessment. Active ultrasonographic surveillance of the 
thyroid and neck lymph nodes (every 6-12 months) can be proposed for 
unifocal papillary microcareinomas (<10mm) with no evidence of extracap- 
sular extension or lymph node metastases. In these cases, the only known 
predictor of significant tumor growth (23mm) or the onset of lymph node 
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metastasis is age (10-year estimated risks are: 36% in patients before age 
<30 years, 14% in those aged 30-50 years, 6% in patients aged 50-60 years), 


Surgical management 


Surgery is the mainstay treatment modality in the management of thyroid 
carcinoma, Various types of surgery may be performed depending on the 
e of the primary tumor, histological type of carcinoma: lobectomy with 
isthmectomy, subtotal thyroidectomy, total thyroidectomy. 

Lobectomy with isthmectomy is the minimal extent of surgery for poten- 
tial malignant thyroid nodule. This type of surgery is an option for young, 
patients (<40 years) with isolated, well-defined or minimally invasive papil- 
lary thyroid carcinoma <1,0 cm in diameter. When choosing this extent of 
surgery, it should be taken into consideration that about 10% of patients un- 
dergone lobectomy develop a recurrence (this rate can be 3-fold higher 20 
years after lobectomy) in the contralateral lobe and residual tissue can dedif- 
ferentiate to anaplastic carcinoma. Moreover. papillary foci existing in both 
lobes are detected in 60-85% of the patients undergone thyroidectomy for 
papillary thyroid carcinoma. In risk-benefit analyses, it is important to note 
that total thyroidectomy can cause recurrent laryngeal nerve injury (in 2.5% 
of cases: bilateral in rare cases) and temporary or permanent hypoparathy- 
roidism (>8.0%). Therefore. the risk of postoperative complications after 
total thyroidectomy (even when done by high-volume surgeons) is almost 
twice that of lobectomy alone. 

Lobectomy with isthmectomy is also recommended for patients with fol- 
licular neoplasms as an initial surgery. If invasive follicular thyroid carci- 
noma is found on the final histologic examination, surgery should be com- 
pleted with thyroidectomy. 

Subtotal thyroidectomy is associated with less rate of complications (e.g., 
hypoparathyroidism, superior and/or recurrent laryngeal nerve injury), while 
offering no worse prognosis compared with total thyroidectomy. 

‘Total thyroidectomy is considered the standard surgical approach. ‘This 
extent of surgery provides removal of all thyroid tissue with preservation of 
parathyroid glands, Total thyroidectomy is recommended for the following, 
cases of differentiated thyroid carcinoma: patient's age >40 years; radiation. 
bilateral nodularity: tumor >4.0 cm in diameter: poorly differentiat- 
ed tumor: extrathyroidal extension; cervical lymph node metastasis; distant 
metastasis (in cases of follicular carcinoma). 

‘Total thyroidectomy is also indicated for patients with medullary thyroid 
carcinoma even if bilateral involvement is not obvious. In cases of hy- 
perparathyroidism, removal of hyperplastic and adenomatous parathyroids 
is required. In cases of concurrent pheochromocytoma (as part of MEN2 
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syndrome), which is mostly bilateral, this tumor should be removed before 
thyroidectomy due to danger of provoking hypertensive crisis during sur- 
gery for thyroid carcinoma. 

in cases of involvement of adjacent organs, vital organs (larynx, trachea, 
esophagus) should be preserved at the first surgery. If patients with differen- 
tiated thyroid carcinoma directly invaded trachea or esophagus, resection of 
these organs can be executed if feasible. 

Video-assisted and robotic-assisted thyroidectomy is rarely performed to 
treat thyroid carcinoma due to additional complications, such as brachial 
plexus injury. These approaches offer greater cosmetic satisfaction 

Prophylactic thyroidectomy (within first year of life to beyond 5 years of 
age depending on the risk related to particular mutation) is recommended 
for carriers of the RET gene mutations due to high risk of developing medul- 
lary thyroid carcinoma. This surgery should be completed with central neck 
dissection or modified radical neck dissection in individuals with inherited 
RET mutation and elevated serum calcitonin levels. 

Opinions about routine implementation of central neck dissection during 
thyroidectomy for papillary thyroid carcinoma are controversial. Evidence 
of its effect on recurrence-free survival is conflicting, and there is no high- 
level evidence for or against its usefulness for low-risk tumors. According 
to data from some studies, elective central neck dissection increases compli- 
cation rates, but does not decrease local recurrence rates. However, some 
other studies found that subclinical lymph node metastasis is not uncommon 
in ipsilateral central neck of patients with papillary thyroid carcinoma. Cen- 
tral neck dissection (involves complete dissection of structures and tissues 
between the hyoid bone and innominate vessels, sternothyroid resection, 
removal of paratracheal lymph nodes, and possible thymectomy) is routine- 
ly recommended for patients with medullary thyroid carcinoma. In cases of 
palpable lymph nodes, a modified radical neck dissection should be per- 
formed 

In patients with anaplastic thyroid carcinoma, limited extent of surgery is 
recommended; resection of as much thyroid tissue as possible (debulking 
rather than complete thyroidectomy) without attempting resection of adja- 
cent structures is performed because a greater extent of surgery can hardly 
improve survival. 


Radioiodine therapy and radiotherapy 


Approximately 4-6 weeks after the thyroidectomy, patients may have ra- 
dine therapy to detect and destroy possible residual tissue, presumed 
foci of neoplastic cells and metastasis in cases of differentiated thyroid car- 
cinoma. The decision for radioiodine therapy depends on the presence or 
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absence of negative pathologic features (larger tumor size, high degree tu- 
mor, lymphovascular invasion, etc.). Radioiodine therapy is not effective in 
medullary thyroid carcinoma, since this type of thyroid carcinoma is neuro- 
endocrine tumor arising from thyroid parafollicular cells that do not concen- 
trate iodine. Radioiodine therapy can also be administered in patients with 
unresectable anaplastic thyroid carcinoma following EBRT if "'I uptake is 
demonstrated, 

Before radioiodine therapy, thyroid replacement therapy is discontinued 
for 4-5 weeks to induce hypothyroid state. A diagnostic dose of radioiodine 
("Lor") is then given, and a whole-body scintiscan is fulfilled to detect 
any tissue taking up radioiodine. If any normal thyroid remnant or metasta- 
sis is detected, a therapeutic dose of '"' is administered to destroy the tis- 
sue. Therapy is implemented until radioiodine uptake is completely absent, 
and it is administered again 6-12 months after initial treatment for metastatic 
disease. Afterwards, thyroid replacement therapy is administered again. It 
should be noted that according to data from studies, there is not a high- 
quality evidence either for or against the postoperative use of 41 in low risk 
patients. 

Radioiodine therapy may be accompanied by wide range of potential 
complications (radiation thyroiditis in patient undergone lobectomy, si- 
aloadenitis, permanent sterility and transient oligospermia or menstrual ir- 
regularities, etc.). It should be noted that radioiodine therapy may cause 
teratogenesis or spontaneous abortion. Therefore, patients are recommended 
to delay pregnancy for at least one year after radioiodine therapy. 

If unresectable differentiated thyroid carcinoma or residual disease is not 
avid for radioactive iodine, external beam radiation therapy (EBRT) is often 
employed. In unresectable cases, radiation dose of 60-65 Gy is typically 
used. Following radiation therapy in patients with unresectable disease, ra- 
dioactive iodine (41) scanning is performed: if uptake is detected, a thera- 
peutic dose of !'I should be administered. EBRT can be used as an adjuvant 
therapy (50-60 Gy) in patients with differentiated thyroid carcinoma aged 

‘45 years and in case of locally invasive disease. EBRT also may be used 
after resection of recurrent follicular thyroid carcinoma, which is no longer 
avid for radioactive iodine. EBRT is also performed in patients undergone 
surgery for anaplastic thyroid carcinoma. A palliative course of EBRT is 
also useful in patients with bone metastasis from differentiated or medullary 
thyroid carcinoma to relieve the pain. 

Patients with distant metastases should receive '"!I after TSH stimulation. 
‘The latter can be achieved with thyroid hormone withdrawal (discontinua- 
tion of thyroid replacement therapy) or, clinically contrain- 
dicated or the patients has hypopituitarism, with injections of rhTSH (re 
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combinant human TSH). It should be noted that rhTSH was introduced in 
the 1990s as a tool to elevate the serum TSH without the need for thyroid 
hormone withdrawal and symptomatic hypothyroidism. As compared with 
thyroid hormone withdrawal, use of rh TSH is well tolerated with only minor 
side effects that may include nausea and headaches, One-third of patients 
have lesions that are not radioiodine-avid and are considered radiiodine- 
refractory. Ifthe distant metastases ine-avid, "11 is administered 
every 6 months for 2 years and less frequently thereafter. Between treat- 
ments, suppressive doses of levothyroxine are given to maintain serum TSH 
levels below 0.1 mIU/ml (unless there are specific contraindications). 


lated events, and they are associated with poorer prognoses. There is a 
strong rationale and some clinical data supporting the roles for bone resorp- 
tion inhibitors (bisphosphonates or denosumab) and EBRT in such cases. 
Bisphosphonates and denosumab can decrease the rates of skeletal-related 
events and bone pain associated with breast, prostate and lung cancers. Inhi- 
bition of bone resorption should be considered in thyroid carcinoma patients 
with multiple bone metastases. Treatment can be administered every 4 
weeks (bisphosphonates and denosumab) or every 3 months (bisphospho- 
nates). The optimal duration of treatment is unknown, but in other more tho- 
roughly studied tumors (¢.g. breast, prostate, lung carcinomas), a minimum 
of 2 years is recommended. Adequate calcium and vitamin D levels should 
be maintained during treatment. The most significant adverse event of ther 
apy with bone resorption inhibitors is jaw osteonecrosis, and the risk is in- 
creased in patients receiving antiangiogenic therapy. If the bone metastases 
are radioiodine-avid, '"'I therapy may control the disease for some time and 
alleviate or delay symptoms, but it is unlikely to eliminate these lesions, 


Chemotherapy and targeted therapy 


Standard chemotherapy for differentiated thyroid carcinoma has not been 
developed, This treatment modality may be considered in patients with ad- 
vanced or recurrent disease. Chemotherapy with cisplatin and doxorubicin is 
associated with limited efficacy and high toxicity. However. this therapy 
may improve quality of life in patients with bone metastasis. No standard 
protocol exists also for targeted therapy for advanced and metastatic differ- 
entiated thyroid carcinoma. According to data from studies, sunitinib, a mul- 
tikinase inhibitor, which may inhibit angiogenesis, can demonstrate a partial 
response in patients with differentiated thyroid carcinoma. 

Several tyrosine kinase inhibitors (vandetanib, cabozantinib), which tar- 
get several tyrosine kinases (MET, RET, VEGFR-2) entered clinical prac- 
tice for treatment of metastatic medullary thyroid carcinoma, In cases of 
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medullary thyroid carcinoma with RET mutations, selpereatinib and pralset- 
inib are also approved, 

Given the fact that, follicular thyroid carcinoma is highly vascular lesion, 
in patients with bone metastasis from this type of thyroid carcinoma not re- 
sponding to palliative radiation therapy, arterial embolization of metastatic 
tumor might be considered, 

Patients after thyroidectomy require thyroid hormone replacement thera- 
py with levothyroxine (2.5 mg/kg/day). 


PROGNOS! 


Unlike other malignant tumors, differentiated thyroid carcinoma is al- 
most always curable. Prognosis of these types of thyroid carcinoma depends 
on age and sex of patients, and stage of the disease. Prognosis is better in 
patients <40 years and in females. If the tumor does not extend beyond the 
thyroid capsule, life expectancy is minimally affected with S-year survival 
rate of 90-95%, 

Prognosis for medullary thyroid carcinoma depends on age of patients, 
and grade of the tumor. 5-year survival rate reaches 90-93% for stages I to 
III disease, 25-30% for stage IV disease. 

Anaplastic thyroid carcinoma has an aggressive clinical course with early 
dissemination and poor prognosis. 5-year survival rate is <10%. This type of 
thyroid carcinoma causes up to 40% of deaths from thyroid cancer despite it 
is seen rarely, comprising <2% of all thyroid carcinoma cases. 


PREVENTION 


Approximately 10% of thyroid carcinoma cases are reported to be pre- 
ventable by following certain measures: 

= Avoiding iodine deficiency by 
(sea products, seaweed, buckwheat 

* Avoiding frequent X-ray exposure of the head and neck; 

* Using potassium iodide in people living within 15 km from nuclear pow- 
er plants. This drug in emergency situations prevents the capture of radi- 
oactive iodine by the thyroid gland: 

* Genetic testing for familial cases of medullary thyroid carcinoma; 

* Thyroidectomy is recommended for individuals with a hereditary muta- 
tion in the RET gene who have a family history of MEN2 syndrome. 


ig iodized salt, foods rich in iodine 
ersimmon, etc. ); 


Screening for thyroid carcinoma 


‘There is no standard or routine screening program for early detection of 
thyroid carcinoma. It is likely due to the fact that thyroid carcinoma is a rel- 
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atively rare malignancy and studies have demonstrated that screening for 
thyroid carcinoma does not decrease the risk of dying from this disease, In 
other words, screening studies determined no benefit of screening for thy- 
roid carcinoma. 


Follow-up for thyroid carcinoma survivors 


AL6 and 12 months after the treatment of differentiated thyroid carcino- 
ma (surgical or medical), follow-up monitoring that include the followings 
is required: complete physical examination; measurement of serum TSH and 
thyroglobulin; assessment of antithyroglobulin titer in serum. Evaluation of 
serum thyroglobulin level every 6-12 months for at least 5 years: a level >20 
ng/ml afler TSH suppression should be considered to be abnormal. 

Radioiodine scintiscan 6-12 months after ablation and every 2 years 
thereafter should be repeated. Before the scanning, levothyroxine should be 
discontinued for about 4-6 weeks to maximize TSH stimulation. 

For patients undergone thyroidectomy for medullary thyroid carcinoma, 
follow-up includes the followings: complete physical examination twice 
yearly for 2 years and then annually thereafter, measurement of serum calci- 
tonin and CEA levels twice yearly for 2 years and then annually thereafter; 
neck US 3 to 12 months postoperatively. Calcitonin levels that remain >150 
pg/mL, 2-6 months after surgery is associated with increased likelihood of 
distant metastasis. These patients should be evaluated to identify possible 
metastasis by additional imaging studies (CT or MRI of neck, chest, and 
abdomen; bone sean or bone MRI). 

Patients who underwent thyroidectomy without parathyroid preservation 
should be administered lifelong vitamin D and calcium supplementation 
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EPIDEMIOLOGY AND STATISTICS 


Soft tissue is defined as the non-epithelial, extraskeletal structures, ex- 
cluding lymphohematopoietic tissues. ‘Therefore, neoplasms originating 
from mesenchymal tissues (with the exception of the skeleton and mesen- 
chymal elements of visceral organs) and peripheral nerve sheath are called 
soft tissue tumors, Soft tissue sarcomas are a heterogeneous group of tumors 
originating from different cells of mesenchymal origin. Approximately 0.7- 
0.8% of all cases of malignant tumors are attributable to soft tissue sarco- 
mas, These tumors are seen 4 times more often compared to bone sarcomas. 

‘Sarcomas (of the soft tissue and bone) account for 20% of all cases of malignant tumors 

in childhood, but only 1*%@ in adults. Soft tissue sarcomas account for 80-90% of all cases 
of sarcomas, with the remaining 10-20% being bone sarcomas. 

There are no differences in the incidence of soft tissue sarcomas between 
‘males and females. These tumors are most often seen in childhood (up to 5 
years) and over age 50 years. In adults, about 60% of soft tissue sarcomas 
are diagnosed over age 65 years. Only about 10% of cases of these tumors 
are detected in young people (<30 years), who have the lowest incidence. 
Further, the incidence increases steadily up to 50 years, and after 50 years, 
this rate rises abruptly. The highest incidence of soft tissue sarcomas in the 
United States (in 1973-2008) was observed in African Americans, followed 
by fair-skinned population; in Asians this rate was much lower. 

‘There is evidence that in the last 2 decades, the incidence of soft tissue 
sarcomas has increased by about 16%. It is believed that these dynamics is 
associated with the improvement of diagnostic techniques and with more 
accurate registration of the mentioned onconosological units. 


ETIOLOGIC FACTORS 


Environmental factors 


Exposure to ionizing radiation is considered a cause of soft tissue sareo- 
mas, Many cases of soft tissue sarcomas (especially leiomyosarcomas) have 


600 


Bayramov RB Textbook of Oncology 


been found in Hiroshima and Nagasaki atomic bomb survivors during their 
lifetime, Radiation therapy for Hodgkin's lymphoma and breast carcinoma 
(often also for prostate carcinoma) is also a risk factor. Radiotherap) 
induced sarcoma is mainly seen with the following histologic types: lei 
myosareoma, angiosarcoma, undifferentiated pleomorphic sarcoma, undif- 
ferentiated spindle cell sarcoma. Although liposarcoma is a very common 
type of soft tissue sarcomas in the general population, it is the pathological 
type most rarely associated with exposure to ionizing radiation. Angiosar- 
coma is a classic type of soft tissue sarcoma associated with radiotherapy for 
breast carcinoma. The combination of radiotherapy with alkylating drugs 
increases the risk for developing sarcoma even more. In such patients, sar- 
coma develops only in areas of the body that have been exposed to irradia- 
tion. It usually takes 10 years on average between radiotherapy and the de- 
tection of soft tissue sarcoma. Overall, 5% of soft tissue sarcomas are be- 
lieved to be caused by exposure to ionizing radiation. The criteria for radio- 
therapy-induced soft tissue sarcomas are that the sarcoma developed at the 
site exposed to radiation, and at least 3 years elapsed from radiotherapy to 
the discovery of the sarcoma. 

Occupation in the horticulture and certain chemical industry is consid- 
ered to increase the risk of developing soft tissue sarcomas. There is evi- 
dence that in recent decades the incidence of these tumors among people 


working in horticulture and agriculture (with the exception of farming) has 
increased 4 times. This association is explained by the exposure to herbi- 
cides and pesticides, especially chlorophenols. It should be noted that these 
dynamics in the incidence was not observed in people working in the farm. 


Recently, researchers have tried to narrow down the causes of Kaposi 
sarcoma and concluded that infection with HHV-8 (human herpesvirus 8), 
which is sexually transmitted virus, plays a central role in the development 
of this tumor. The high prevalence of this sarcoma in the Mediterranean re- 
gions and in West Africa is directly related to infection with HHV-8, HHV- 
8 infection is strongly associated with the development of Kaposi's sarcoma, 
both in individuals with and without HIV infection. It should be noted that 
in areas where the prevalence of HIV and HHVS is high (e.g. 
20% of soft tissue sarcomas in children are Kaposi's sarcoma, while in the 
United States this figure is only 2%. 

In general, HIV-infected children are 40 times more likely to develop soft 
tissue sarcomas than adults. Unlike children, soft tissue sarcomas are not 
associated with EBV infection in HIV-infected adults. In those children, 
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along with Kaposi's sarcoma, the risk of developing leiomyosarcoma is also 
higher (17%). It should be noted that in children not infected with HIV, 
leiomyosarcoma is detected very rarely (1:1.000.000 per year). 

Previously, Kaposi's sarcoma was observed in Jewish and Italian men living in the Med- 
iterranean basin. After the emergence of HIV, the features of these tumors have changed 


dramatically. Kaposi's sarcoma, which develops in people infected with HIV, has a very 
Aggressive clinical course. 


If earlier it was believed that injuries leading to bruising. damage and compression of 
soft tissues can contribute to the development of soft tissue sarcomas, now these opinions 
are completely denied. 


Diseases associating with a high risk of soft tissue sarcomas 


AIDS has long been thought to be the main cause of Kaposi's sarcoma, 
Which is an multicentric, slow growing tumor. In fact, people with AIDS are 
thousands of times more likely to develop Kaposi's sarcoma (see above). 

Chronic lymphedema of various origins (following radical mastectomy, 
after inguinal lymph node dissection for melanoma, as a result of venous or 
lymphatic stasis, as a result of trauma, etc.) may be accompanied by the de- 
velopment of angiosarcoma. This tumor has a poor prognosis (see below). 

90% of cases of angiosarcoma associated with chronic lymphedema develop on the ipsi- 

lateral upper limb after mastectomy. Cases of angicsarcoma associated with ipsilateral 
mastectomy are called Stewart-Treves syndrome. Approximately 400 cases of Stewart- 
Treves syndrome have been described in the literature so far. According to data the risk 
of developing this syndrome is 01-0 5% within 5 years after radical mastectomy The 
mechanism of development of Stewart-Treves syndrome is explained by the fact that a a 
result of the blockage of lymphatic drainage, antigenic presentation is disturbed, thereby, 
the resulting malignant cells can avoid immune surveillance. 


Soft tissue sarcomas do not originate from pre-existing benign tumors, as dedifferentia- 
tion rarely occurs in soft tissue tumors; these neoplasms develop de nove from normal 
tissues, In other words, malignant transformation of benign soft tissue tumors is 8 easuis- 
tic phenomenon, Therefore, there is no need to remove these tumors from the point of 
View of oncological foresight, unless they create cosmetic problems 


Hereditary disorders 


‘The following hereditary disorders are associated with an increased risk 
of soft tissue sarcomas: 
+ Li-Fraumeni syndrome, 
* Hereditary retinoblastoma, 
= Neurofibromatosis type 1. 
+ Werner syndrome, 
* Bloom syndrome, 


Bayramov RB Textbook of Oncology 


* Constitutional MMR deficiency syndrome, 
+ Gorlin syndrome, 

+ Nijmegen breakage syndrome, 

*  Beckwith-Wiedeman syndrome, etc, 


Oncologie spectrum of Li-Fraumeni syndrome includes also sarcomas as 
the most common cancer associated with this hereditary disorder (see page 
280), According to the spectrum of the major malignant tumors characteris 
tic of this syndrome, sarcomas (bone sarcomas and soft tissue sarcomas to- 
gether) are found in 25% of individuals with Li-Fraumeni syndrome; alt- 
hough they can be observed in any histological type, rhabdomyosarcoma is 
‘most common tumor, which is followed by liposarcoma. Soff tissue sarco- 
mas in individuals with Li-Fraumeni syndrome are found at a younger age 
than sporadic sarcomas. It should be noted that only 4% of sarcomas found 
in adults develop as a result of germline mutations in the 7P53 gene. 

‘Children with rhabdomyosarcoma under the age of 3 years are very likely to have @ 
‘germline mutation in the TP'53 gene. It should be noted that 30-60% of cases of soft tissue 
sarcomas not associated with Li-Fraumeni syndrome, demonstrate somatic mutations in 
the mentioned gene. 

Hereditary retinoblastoma is characterized by an increased risk of devel- 
oping various cancers (sarcomas, carcinomas, melanoma) in addition to the 
most commonly (in all individuals) observed retinoblastoma (see page 200). 
In other words. about 70% of individuals with a history of hereditary reti- 
noblastoma develop other malignant tumors of mesenchymal (mainly bone 
and soft tissue sarcomas) and epithelial origin or melanoma during their life- 
time, Soft tissue sarcoma is the next most common second malignant tumor 
in people with hereditary retinoblastoma, after bone sarcoma, accounting for 
12-32% of all corresponding tumors. It should be noted that in patients with 
germline mutations in the RB/ gene, the risk of developing soft tissue tu- 
mors is higher, on average, 30 years (10-50 years) after retinoblastoma 
treatment. The risk is even much higher in those who have received radia- 


tion therapy for retinoblastoma. It should be noted that individuals who re- 
ceived alkylating agents as chemotherapy (along wi 

‘even much i r 

to children who received radiotherapy alone. The risk of developing leio- 
myosarcoma is even higher (5 times) in patients who received alkylating 
drugs before the age of I year. 
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to develop outside the radiotherapy site, but frosarcoma (20%), pleomorphic sarcoma 
(17%) and rhabdomyosarcoma (10-11%) found inthe radiotherapy site, 

Neurofibromatosis type 1 (von 
Recklinghausen’s disease) occurs 
due to germline heterozygous muta- 
tions (or deletions) in the NF gene 
(17q11.2) and is characterized by 
multiple neurofibromas in the sub- 
cutancous tissue and other areas of 
the body, which are often detected at 
an early age, The mode of inher- 
itance of this hereditary disorder is 
autosomal dominant. Almost half of 
cases of neurofibromatosis type 1 
are the first case in the family, 
which indicates the role of 
postzygotic (de novo) mutations in oy 
those cases. Tho AF geno fas a (eermeeta in teiarie satel eater 
tumor suppressor activity and en- the right thigh in a 15-year-old male patient 
codes protein neurofibromin, which With neuroflromstosis 
belongs to the ras-protein family 
and negatively regulates the RAS- 
MAPK signaling _pathw: 
prevalence of this disorder is 1 case 
per 3.500 population worldwide. 

Neurofibromatosis type 1 is also 
characterized by "café-au-lait spots” (Figure 26.1), age spots or freckles on 
the armpits (Crowe's sign) and in the groin, Lisch nodules (Figure 26.2), op- 
tic glioma, and bone dysplasia. As the age increases, the sizes of the "café- 
au-lait spots" also increase. In children, "café-au-lait spots" usually appear 
before neurofibromas are detected, Freckles sometimes appear from the first 
days of life and are mainly found in adolescence. Lisch nodules are 2 mm 
sized gelatinous masses with a golden hue on the surface of the iris and be~ 
come more common as the patient ages (in approximately 20% of children 
<5 years of age, and >90% of adults). In 80% of cases, Lisch nodules are 
observed in the lower quadrants of the iris. Optic gliomas develop in 15% of 
children under age 6 years with neurofibromatosis type 1, Glioma can dam- 
age the optic nerve, optic chiasm, or optic tract, resulting in vision prob- 
lems. 

The aft s(n cen of shan hyperigmenation) is a craters of many 
genetic disorders. More than 6 spots are a strong sign for neurofibromatosis type 1 (in 
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95t% of cases). On the other hand, neurofibromatosis type | is the most common disorder 

associated with multiple "café-au-lait spots”. In other words, the more spots, the more 
likely neuroibromatosis type 1. Moreover, “eafé-av-ait spots" assocnted with neurofi- 
bromatosis type | exhibit even borders, called "coast of Califomia” (see page 625) 

5-15% of people with neurofi- 
bromatosis type 1 develop malig- 
nancy (rhabdomyosarcoma, bone 
sarcomas, GIST, ete.) during their 
lifetime, Children with neurofibro- 
matosis type 1 tend to develop fetal 
subtype rhabdomyosarcoma. Ap- 
proximately 0.5-2% of cases of 
rhabdomyosarcoma in children are 
associated with neurofibromatosis 
type I. The risk of developing thab- 
domyosarcoma in children with neu- 
rofibromatosis type 1 is 0.02-0.03%, Figure 262. Tisch nodules (arrows) ina 
Which is 20 times higher than in the ee ee sar AD. PeeIN. Dow 
general paediatric population. NY et al Abdominal neoplasms in patients 
Rhabdomyosarcoma in the affected with neurofibromatosis type 1: radiologic- 
children is detected at an average Pathologic correlation RadloGraphics, 
age of 2.5 years. Rhabdomyosarco- 2005: 25 455-480. 
ma in children with von Recklinghausen's disease is most often found in the 
bladder and prostate gland. In 8-13% of patients with neurofibromatosis 
type 1, a malignant tumor of the peripheral nerve sheath, neurofibrosarcoma 
may be detected, which is an aggressive and rare sarcoma, accounting for 2- 
10% of soft tissue sarcomas in the general population. Patients with neuro- 
fibromatosis type 1 also have an inereased (by 8 times) risk of developing 
bone sarcomas (osteosarcoma, spindle cell sarcoma, Ewing sarcoma), 

Patients with von Recklinghausen’s disease also have a high risk (5-25%) 
of developing GIST. Unlike sporadic cases of GIST, which are most often 
found in the stomach and solitarily, GIST associated with neurofibromatosis 
type 1 commonly develops in the duodenum and in most cases are multiple 

Mutated KIT and POGFRA genes are not found in GIST associated with neurfibroma- 
tosis type 1. It should be noted that GIST associated with neurofibromatosis type 1 often. 
expresses $-100 (a marker of neural differentiation), in contrast to sporadic cases, 

Along with other malignant tumors, neurofibromatosis type 1 also in- 
creases the risk of developing gastrointestinal neuroendocrine tumors (GI- 
NETs), GI-NETs are found in 1% of patients with neurofibromatosis type 1 
and are mainly observed in the form of duodenal somatostatinoma and less 
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often in the form of neuroendocrine tumors of the pancreas (insulinoma, 
gastrinoma, nonfunctional endocrine tumors). In 30% of cases, duodenal 
somatostatinomas associated with neurofibromatosis type 1 are detected at 
metastatic stage (to the lymph nodes or to the liver). Approximately half of 
cases of duodenal somatostatinoma are associated with neurofibromatosis 
type 1. 

1-6% of people with neurofibromatosis type 1 develop pheochromocy- 
toma during their lifetime. In patients with von Recklinghausen's disease, 
adrenocortical carcinoma is sometimes seen in childhood. Neurofibromato- 
sis type 1 is the cause of less than 1% of all cases of adrenocortical carci- 
noma in children, Patients with neurofibromatosis type 1 may suffer from 
hypertension due to narrowing of the renal artery or pheochromocytoma, 


Werner syndrome is associated with an increased risk of developing vari 
‘ous tumors (See page 197); melanoma, tumors of epithelial (thyroid carci- 
noma) and mesenchymal origin (sarcomas), including soft tissue sarcomas 
(fibrous histiocytoma, leiomyosarcoma). Multiple and rare tumors are often 
observed. It should be noted that the incidence of epithelial malignant tu- 
mors is 10 times higher compared with mesenchymal malignant tumors 
(sarcomas) in the general population; this ratio is the same among patients 
with Werner syndrome. 

Bloom syndrome is also associated with an increased risk of developing 
soft tissue sarcomas along with various hematolymphoid, epithelial, and 
mesenchymal malignancies (see page 167). 1.5% of patients with Bloom 
syndrome develop soft tissue sarcomas during their lifetime. On the other 
hand, 2% of the malignancies found in Bloom syndrome are soft tissue sar- 
comas. 

Constitutional MMR deficiency (CMMRD) syndrome develops as « result 
of germline homozygous (biallelic) mutations in the MMR genes; MLH1 
(3p22.2), MSH2 (2p21-p16.3), MSH6 (2p16.3), or PMS2 (7p22.1). Unlike 
this syndrome, Lynch syndrome results from heterozygous (monoallelic) 
mutations in those genes (see page 406). In other words, CMMRD syndro- 
‘me is inherited in an autosomal recessive manner, while Lynch syndrome is 
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inherited in an autosomal dominant 
mode (Figure 26.3). CMMRD syn- 
drome is a rare syndrome charact Vv 
ized by a predisposition to develop- 

ing malignant diseases of 4 main paiieut with 
groups; hematological malignancies, Lynch 
CNS tumors, colorectal carcinoma — symrome 
(with multiple colorectal polyps) ane 
and other tumors of childhood, in- 

cluding rhabdomyosarcoma. | l i Li | - 

Gorlin syndrome is also associat- 
ed with an increased risk of devel- 
oping soft tissue sarcoma (see page fi 
165); embrional —_ rhabdomyosar- malty patients with patient wi i 
coma, fibrosarcoma in addition to Lynch syndrome CMMRD 
cutaneous BCC. Figure 263. Schematic image comparative- 

‘Nijmegen breakage syndrome is ly illustrating the state of MMR genes in 
also associated with an increased byschand CMMRD syndromes, 
risk of developing rhabdomyosarcoma (alveolar) in addition to various lym- 
phoid (lymphoma Hodgkin. lymphomas non-Hodgkin) and epithelial (colo- 
rectal carcinoma, breast carcinoma, prostatic carcinoma) malignancies (see 
page 648). 

‘Syndrome Gardner is characterized by osteomas of spongy bones (upper and lower 
jaws, ribs), pathological conditions of long tubular bones m the form of local cortical 

thickening or exostosis, and soft tissue tumors of various histological structures (athero- 
‘mas, fibromas, lipomas, etc) along with colorectal adenomatous polyposis (sce page 
4403), It should be noted that in affected individuals, the risk is particularly higher for the 
development of desmoid tumor, which is a highly differentiated, locally aggressive soft 
tissue tumor with infiltrative growth. 

Beckwith-Wiedeman syndrome, which is classified as a gigantism syn- 
drome, is characterized by neonatal hypoglycemia, macrosomia, macro- 
glossia, hemihyperplasia, visceromegaly, omphalocele, kidney pathology 
(medullary dysplasia, nephrocaleinosis, nephromegaly) in various combina- 
tions of manifestations. The prevalence of this syndrome is 1:10,000- 
13,000. The cause of the development of this syndrome is various genetic 
disorders in the short arm of chromosome 11. 

In 50% of cases, the cause of this disorder is loss of methylation function in the mater- 
nal chromosome in the imprinting center 2 (the CDKNIC and KCNOLOT! genes are as- 
‘sociated with this center), in 20% of cases, uniparental disomy in chromosome 11p15: in 


‘5M of cases, the acquisition of the methylation function in the maternal chromosome at 
imprinting center 1 (the IGF2 and H19 genes are associated with this center), in other 


syndrome 


Ms HEE 
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It should be noted that imprinting centers 1 and 2 control the methylation 
of genes involved in normal growth, such as CDKNIC (11p15.4), H19 
(11p15.5), IGF2 (11p15.5), and KCNQJOT! (11p15.3). Disruption of the 
normal methylation process in these genes leads to gigantism, characteristic 
of this syndrome, and to other manifestations of Beckwith-Wiedemann syn: 
drome, In about 85% of cases of Beckwith-Wiedemann syndrome, the ind 
viduals do not have a family history, in 15% of cases there is a family histo- 
ry that is inherited in an autosomal dominant manner, The risk of develop- 
ing Beckwith-Wiedemann syndrome in a child whose biological father or 
mother suffers from this disorder is 85°, 

Children with this syndrome are taller than their peers (macrosomia) until 
they are under age 8 years, but adults with Beckwith-Wiedemann syndrome 
are no longer taller compared with their peers. Hemihyperplasia can be re- 
flected in certain parts of the body, in certain organs or tissues, even in the 
form of mosaicism. Sometimes, the affected individuals do not have ompha- 
locele, but may have an umbilical hemia, In 30-50% of children with Beck- 
‘with-Wiedemann syndrome. hypoglycemia is observed, which is most likely 
associated with beta-cell hyperplasia, and hence, with hyperinsulinemia, 
Life expectancy has no difference unless life-threatening complications de- 
velop. 

Malignant tumors in childhood and adolescence are observed in approx- 
imately 10% (4-21%) of individuals with this syndrome. Wilms’ tumor, 
hepatoblastoma, neuroblastoma, adrenocortical carcinoma, and rhabdomyo- 
sarcoma are the most commonly observed neoplasms in children with this 
syndrome, The most common tumor found in individuals with this syn- 
drome is Wilms’ tumor (observed in 1-4% of cases), which is accompanied 
by hepatoblastoma. Adrenocortical carcinoma in childhood also belongs to 
the oncological spectrum of this syndrome: approximately 1% of children 
with Beckwith-Wiedemann syndrome develop adrenocortical carcinoma, 
‘This association is not seen in adults with Beckwith-Wiedemann syndrome. 
Overall, adrenocortical carcinoma accounts for 5-15% of all malignancies 


noma cases in children are associated with Beckwith-Wiedemann syndrome. 
Rhabdomyosarcoma in Beckwith-Wiedemann syndrome is observed mainly 
in embryonic and alveolar histostructure and is found at age 1-13 years. 

An increased risk of soft tissue tumors can also be associated with Ra- 
sopathy syndromes: Costello syndrome (occurs due to germline heterozy- 
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gous mutation in HRAS gene, 11p15.5); Noonan syndrome (occurs due to 
germline heterozygous mutation in PTPN/J gene, 1224.13; SOS! gene, 
2p22.1; RAF] gene, 3p25.2; RIT! gene, 1q22; KRAS gene, 12p12.1; NRAS 
gene, 1p13.2); cardiofaciocutaneous syndrome (occurs due to germline het- 
erozygous mutation in BRAF gene, 7434; MAP2KI gene, 15q22.31; 
MAP 2K2 gene, 19p13.3; KRAS gene, 12p12.1). 


Conditions associating with an increased risk of soft tissue sarcomas 


History of malignant tumors treated with radiotherapy is associated with 
an increased risk of developing soft tissue sarcomas, As the life expectancy 
of patients after antineoplastic treatment increases, the risk of developing 
these sarcomas also increases. 

Patients with a history of solid organ transplantation are at increased risk 
of developing Kaposi's sarcoma, Approximately 5% of kidney transplant 
recipients develop Kaposi's sarcoma. In HHV-8 endemic areas (regions 
around the Mediterranean See, Africa), kidney transplant recipients are 500 
times more likely to develop Kaposi’s sarcoma compared to the general 
population, This sarcoma in appropriate patients is detected 5-21 months 
after organ transplantation. However, there is evidence that Kaposi's sar- 
coma developed 18 years after transplantation of a solid organ. It should be 
noted that in patients treated with cyclosporine as an immunomodulator, the 
risk of developing Kaposi's sarcoma is higher compared with those treated 
with azathioprine. 

‘There is evidence that using antibiotics by mother before delivery further 
increases the risk (by about 3 times) of developing rhabdomyosarcoma in 
the newborn. The use of antibiotics in a newborn immediately after birth 
also increases this risk (by about 7 times). 

Living near an industrial waste incineration plant is associated with an 
increased risk of developing soft tissue sarcomas, according to data from 
corresponding studies. There is evidence that living at a distance of 2 km 
from the mentioned factories is associated with an increased risk (by >30- 
fold) of developing these tum risk is associated with the emission 
of dioxin, a strong carcinogen released into nature by these plants, which 
leads to environmental pollution with the mentioned chemical compound. 


CANCEROGENESIS 


Histomorphological, immunohistochemical, and experimental data sug- 
gest that most, if not all, sarcomas arise from primitive, multipotential mes 
enchymal cells, which in the process of neoplastic transformation can dif 
ferentiate along various lines. In the tumorigenesis of different soft tissue 
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sarcomas, various inherited or sporadic cytogenetic abnormalities (muta- 
tions, deletions, rearrangements, presence of extra chromosomes in the form 
of trisomy) may play role. 


PATHOMORPHOLOG 


Soft tissue sarcomas constitute a large and heterogenous group of malig- 

nant neoplasms, Traditionally, these tumors have been classified based on 

histogenetic features. Although most soft tissue tumors are classified as ei- 
ther benign or malignant, many are of intermediate nature (locally aggres- 
sive and/or rarely metastasizing), which typically represent aggressive local 
behavior with a low-to-moderate potential for metastasis 

According to the 2020 WHO classification of soft tissue tumors, these 
neoplasma are divided into the following categorie: 

* Adipocytic tumors (benign: lipoma, lipomatosis, angiolipoma, myolipo- 
ma, chondroid lipoma, etc.: intermediate/locally aggressive: atypical li 
pomatous tumor/well differentiated liposarcoma; malignant: dedifferenti- 
ated liposarcoma, myxoid liposarcoma, pleomorphic liposarcoma, ete.): 

* Fibroblastic and myofibroblastic tumors (benign: nodular fasciitis, myo- 
sitis ossificans, elastofibroma, fibroma of tendon sheath, angiomyofibro- 
blastoma, Gardner fibroma, angiofibroma of soft-tissue, etc.; intermedi- 
ate/locally aggressive: superficial fibromatosis (palmar/plantar), des- 
moid-type fibromatosis, lipofibromatosis. etc: intermediate’rarely me- 
tastasizing: dermatofibrosarcoma protuberans, solitary fibrous tumor, in- 
flammatory myofibroblastic tumor, low-grade myofibroblastic sarcoma, 
ete.; malignant: adult fibrosarcoma, myxofibrosarcoma, low-grade fi- 
bromyxoid sarcoma, ete.); 

* So-called fibrohistiocytic tumors (benign: tenosynovial giant cell tumor, 
deep benign fibrous histiocytoma; intermediate’rarely metastasizing 
plexiform fibrohistiocytic tumor, giant cell tumor of soft tissues); 

* Vascular tumors (benign: hemangioma, epithelioid hemangioma, lym- 
phangioma, ete.; intermediate/locally aggressive: kaposiform hemangio- 
endothelioma; intermediate/rarely metastasizing: retiform hemangioen- 
dothelioma, composite hemangioepithelioma, Kaposi sarcoma, ete.; ma- 
lignant: epithelioid hemangioepithelioma, angiosarcoma of soft tissue) 

* Pericytic (perivascular) tumors (benign: glomangiomatosis. myofibroma, 
myofibromatosis, angioleiomyoma; intermediate/rarely metastasizing: 
malignant glomus tumor): 

* Smooth muscle tumors (benign: leiomyoma of deep soft-tissue; interme- 
diate: EBV-associated smooth muscle tumor, malignant: leiomyosar- 
coma (excluding skin), inflammatory leiomyosarcoma): 
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Skeletal muscle tumors (benign: rhabdomyoma; malignant: embryonal 
thabdomyosarcoma, alveolar rhabdomyosarcoma, pleomorhic rhabdo- 
myosarcoma, spindle cell/sclerosing rhabdomyosarcoma), 
Chondro-osseous tumors (benign: soft tissue chondrome; malignant: 
mesenchymal chondrosarcoma, extraskeletal osteosarcoma); 

Peripheral nerve sheath tumors (benign: schwannoma, melanotic 
schwannoma, neurofibroma, dermal nerve sheath myxoma, ete; malig- 
nant: malignant peripheral nerve sheath tumor, epithelioid malignant 
nerve sheath tumor. malignant Triton tumor, etc. ); 

‘Tumors of uncertain differentiation (benign: acral fibromyxoma, intra- 
muscular myxoma, juxta-articular myxoma, etc.; intermediate locally 


aggressive: hemosiderotic fibrolipomatous tumor, intermediate/rarely 
metastasizing: atypical fibroxanthoma, myoepithelioma, myoepithelial 
carcinoma, ete; malignant: synovial sarcoma, epithelioid sarcoma, ex- 
traskeletal Ewing sarcoma, extrarenal rhabdoid tumor, ete.). 


‘Soft tissue sarcomas that develop in childhood are mainly observed as rhabdomyosar- 
‘coma (in 50% of cases) or undifferentiated soft tissue tumor in the head and neck In. 
Ee a eg emia ore oe ue 
extremities (in 50% of cases) and in the retroperitoneal space, and are occasionally ob- 
‘served in the head and neck. 

Soft tissue sarcomas may be low-grade or high-grade. The grade of the 
tumor is mainly based on histomorphologic features, including cellular ple- 
omorphism, mitotic activity, necrosis, ete. 

Soft tissue sarcomas commonly grow centripetally, though some benign 
neoplasms (¢.g., fibrous tumors) of the soft tissue may grow longitudinally 
along tissue planes. Most soft tissue tumors do not grow beyond fascial 
boundaries, remaining confined to the compartment of origin until the later 
stage of the disease. 

Intermediate (local aggressive) soft tissue tumors demonstrate an infiltra- 
tive and locally destructive growth pattern. Although these tumors may re- 
cur locally following excision, they have no potential to metastasize, Inter- 
mediate (rarely metastasizing) soft tissue tumors are mostly locally aggres- 
sive neoplasms, and rarely (<2%) they can metastasize to lymph nodes or 
lungs. 
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Soft tissue sarcomas have a tendency for local recurrence. Local recur- 
rence rate is also dependent on primary tumor location. Soft tissue sarcomas 
of head and neck are more likely to abut or involve vital anatomic struc- 
tures; hence, they often are more difficult to remove with microscopic nega- 
tive margins compared with extremity tumors. Even in an extremity, the 
ary tumor site may have prognostic significance; local control is more 
difficult to achieve for proximal tumors compared with tumors located more 
distally. Most of the cases of recurrent tumors are detected within the first 2- 
3 years following radical-intent treatment, 

Malignant soft tissue tumors (sarcomas) not only are locally aggressive, 
they can also metastasize frequently. Depending on the histological type and 
grade of the tumor, the potential for metastasis ranges from 20% to 100%. 
Sarcomas have very low propensity to metastasize to lymph nodes; fewer 
than 4% of cases have nodal involvement at initial presentation. Distant or- 
gan metastases mainly develop in the lung. which occurs in more than half 
of the cases of high-grade tumors. 


Staging of soft tissue sarcomas 
‘TNM staging of soft tissue sarcomas is detailed on page 693. 


CLINICAL PRESENTATION 


A palpable or noticeable mass is the main symptom and sign of soft tis- 
sue tumors. In some cases, local soft tissue swelling can firstly draw the at- 
tention of affected patients. These tumors are commonly painless and do not 
cause limb dysfunction when they are located in the extremities. However, 
depending on the anatomic location, histological type, clinicobiological be- 
havior of the tumor, they can cause pain or neurological symptoms by com- 
pressing or stretching nerves, irritating overlying bursae, or by expanding 
sensitive anatomical structures. A rapid rate of increase in the size of mass 
may be indicative of a malignant nature of the tumor. 


DIAGNOSTICS 


Clinical examination (history taking. inspection, palpation) can provide 
valuable information in patients with soft tissue tumors. Palpation can de- 
termine the location (superficial or deep) of the tumor. its size, density, mo- 
bility or immobility. Immobility of the tumor mostly implies its adhesion to 
underlying or adjacent immobile anatomic structures (bone, ligament, ete.) 
Palpation can also detect enlarged regional lymph nodes, despite lymph 
node involvement is rare in soft tissue sarcomas. Physical examination 
should also involve neurovascular examination in order to detect either pri- 
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mary or secondary involvement. Extremity masses larger than 5.0-6.0 em 
located deeper than subcutaneous tissue favor a malignant nature of soft tis- 
sue tumor. Nevertheless, nearly 30% of malignant soft tissue tumors occur 
in subcutaneous tissue; these sarcomas demonstrate relatively less aggres- 
sive clinicobiological behavior. 

For diagnosis of malignant soft tissue tumors, the following imaging 
studies can be used: plain radiography, US, CT scan, MRI, F Alte 
hough these studies cannot verify the diagnosis precisely (except for a few 
tumors, such as lipoma or liposarcoma), they are extremely useful for visu- 
alizing the tumor, defining anatomic location, anatomic extent of the tumor, 
and involvement of vital anatomic structure. Compared with CT scan, MRI 
better defines the relation between a tumor and adjacent anatomic structures 
(Figure 26.4), but bone involvement may be better assessed by CT scan. 
Angiography conducted 3 decades ago to evaluate any vascular involvement 
has currently been replaced by MRI. CT scan is also useful to assess the 
lungs for staging. which are the most common site of distant metastasis as 
stated above. 

Imaging studies should be performed before biopsy. Biopsy is crucial for 
correct diagnosis and adequate treatment of soft tissue tumors. Biopsy is in- 
dicated in the following cases: any 
soft tissue masses without a history 
of trauma; soft tissue mass that per- 
sists for more than 6 weeks after lo- 
cal trauma; soft tissue masses larger 
than 5.0 em; any enlarging or symp- 
tomatic soft tissue mass. Small, sub- 
cutaneous mass that persists un- 
changed for years may be consid- 
ered for observation. 

‘The following biopsy techniques 
can be used in patients with soft tis- 
sue tumor depending on the anatom- 
ic location and size of the mass, and 


[, ete, 


Figure 26.4, T1-weighted post-contrast MRI 


the experience of the surgeon: fine- 
needle aspiration biopsy (FNAB), 
core needle biopsy, incisional biop- 
sy, excisional biopsy 

FNAB is associated with a rare 
needle-track seeding unlike core 
needle biopsy, which has a higher 
rate of needle-track seeding: howev- 


demonstrating 4 large, soft tissue sarcoma 
contained within the deltoid musculature 
Core needle biopsy specimen demonstrated 
high-grade undifferentiated pleomorphic 
sarcoma, Nystrom LM, Reimer NB, Reith 
ID et al. Multidiseiplinary management of 
soft tissue sarcoma. Scient World J, 2013, 
Article ID 852462. Available under the CC 
BY 40 license 
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er, this event appears to be uncommon. Core needle (14-16 G) biopsy pro- 
vides to obtain more informative tissue samples. Both biopsy techniques can 
be executed under the guidance of imaging modalities (US, CT scan, or 
MRI). Open incisional biopsy is frequently used for soft tissue tumors, es 
pecially when the FNAB result is equivocal. When it is performed for ex- 
tremity masses, the incision should be oriented along the long axis. It is im- 
portant to note that biopsy incision or tract should be oriented so that (biop- 
sy entrance point can be tattooed) they can be excised during definitive sur- 
gery for the soft tissue tumor. With an excisional biopsy, the entire lesion is 
removed surgically, This technique is used for small (<3.0 em in diameter) 
superficial tumors, 

Frozen sectioning and intraoperative cytology is very useful during inci- 
sional biopsy. An immediate evaluation of tissue viability using the frozen 
section technique can ensure that the biopsy is adequate and representative 
at the time it is carried out, although an immediate diagnosis is not encour- 
aged, because frozen section technique does not allow a complete diagnosis. 
Note that adipocytic tumors are not suitable for frozen-section evaluation 
due to a loss of diagnostic material and other technical difficulties. 

In addition to conventional histopathological and cytological examina- 
tions, immunohistochemical, cytogenetic, electron microscopic and other 
tests can also be required for correct diagnosis. Germline P53 gene testing 
should be carried out, if possible, before treatment initiation in the following, 
cases: patients aged <46 years with soft tissue sarcoma and at least one first- 
or second-degree relative aged <S6 years with a TP53 core tumor (breast 
carcinoma, sarcoma, CNS tumor, adrenocortical carcinoma); patients with 
soft tissue sarcoma (especially in radiotherapy fields) and with another 
TPS3 core tumor at age <46 years. In TPS3 carriers, radiation therapy 
should be avoided, if possible, after multidisciplinary discussion, while an 
annual whole body MRI is recommended for follow-up, 

Once malignant soft tissue tumor is diagnosed, pretreatment (preanesthe- 
sia) evaluation includes complete blood count, comprehensive metabolic 
panel, and ECG, which assist in determining optimal therapy. 

Histopathologic examination of surgical specimen (resectate) determines 
the histological type of sarcoma, its degree of differentiation, T-stage and 
assess the removed lymph nodes, which are important for final pathologic 
staging and planning further treatment. 


TREATMENT 


Before, the surgery was the primary treatment modal 
soft tissue tumors. Following this therapy, most patients 


for malignant 
ith high-grade 
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tumors had a poor outcome. Since the beginning of the last quarter of the 
past century, use of radiation therapy and chemotherapy has been associated 
With a high rate of limp-sparing treatment and improved long-term survival, 

Soft tissue sarcomas are challenging tumors that require a multidiscipli- 
and multimodality approach for treatment. Due to relative rarity of 
e tumors, the affected patients should be considered for referral to spe~ 
cialized centers experienced in sarcoma treatment. Nevertheless, due to low 
incidence of soft tissue sarcomas and existence of many histological sub- 
types, only a small number of those subtypes are frequently seen at any sin- 
gle institution. 


Surgical management 


‘Treatment strategy of malignant soft tissue tumors depend on their loca- 
tion, size, histological subtype. Extremity sarcomas may be treated with 
surgery alone, or combined with radiation therapy and chemotherapy. Sur- 
gery is the standard treatment for all patients with an adult-type, localized 
soft tissue sarcomas. The standard surgical procedure is an en bloc exeision 
with RO margins. This implies removing the tumor in a single specimen 
with a rim of normal tissue around it. The minimal margin to be considered 
adequate may depends on several factors. including histological subtype. 
preoperative therapies and the presence of resistant anatomical barriers, such 
as muscular fascia, vascular adventitia, epineurium, or periosteum. 

‘The following types of surgery may be executed based on the achievable 
margin: intracapsular excision, marginal excision; wide excision; radical 
excision, 

With intracapsular excision, the tumor is removed inside the pseudocap. 
sule (often piecemeal), which theoretically may be R2 resection and assoc 
ated with a 100% recurrence rate; therefore, this procedure is performed on- 
ly in unusual cases 

With marginal excision (theoretically R1 resection), the tumor is excised 
through the pseudocapsule surrounding the tumor (shelling-out procedure), 
‘The risk of local recurrence reaches up to 75%, depending on the clinico- 
biological behavior of the tumor and whether or not radiotherapy is used. 
Marginal excisions along the pseudocapsule are advised for atypical lipoma- 
tous tumors. 

With wide excision, the tumor is removed with a wide margin of sur- 
rounding normal tissue within muscular compartment. This extent of sur- 
gery may be associated with a 30% local recurrence rate unless is combined 
with adjuvant therapy. Limb-sparing procedures belong to this category. 

With radical excision, the tumor is excised en bloc with entire muscle 
compartment. Amputation with disarticulation of the joint proximal to the 
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involved compartment is called radical amputation. This extent of surgery 
is associated with the lowest local recurrence rate, 

Re-excision at specialized centers must be considered in case of un- 
planned resections if adequate margins can be achieved without major mor- 
bidity, while taking into consideration tumor extent and tumor biology (e.g. 
are-excision can be used in atypical lipomatous tumors and classic dermato- 
fibrosarcoma protuberans). In case of R2 surgery, re-excision at specialized 
centers is mandatory, possibly following preoperative treatments if adequate 
margins cannot be achieved, or if surgery is mutilating. When re-excision is, 
not possible after R1-R2 resections, radiotherapy may be considered, tailor- 
ing the decision depending on further results. 

It is important to note that routine dissection of regional lymph nodes i 
not associated with improved survival rates for soft tissue sarcomas, but bi 
opsy-proven tumor-positive Iymph nodes should be removed. Regional 
lymph node metastases are rare in most subtypes and constitute an adverse 
prognostic factor. 

Surgery is also the standard treatment for metachronous (disease-free in- 
terval >I year), resectable lung metastases without extrapulmonary disease, 
if complete excision of all lesions is feasible. In patients with isolated pul- 
monary metastases, surgical removal of metastases is recommended when- 
ever technically amenable. This approach can provide 3-year survival rate of 
nearly 40%, Fewer than 4 metastatic pulmonary nodules are favorable prog- 
nostic factor for patients undergone surgery for pulmonary metastases. A 
minimally invasive thoracoscopic approach can be used in selected cases. 
Other appropriate local ablative techniques can be considered, although sur- 
gery is the standard treatment and outcome data are required on alternative, 
less invasive options. When surgery of lung metastases is selected, an ab- 
dominal CT scan and a bone scan or FDG-PET are mandatory to confirm 
that lung metastases are “isolated” 


Radiation therapy 


Wide excision and radiation therapy are the standard treatment of high- 
le (G2-3) lesions. The sequence of the tWo treatments varies among in 
stitutions, but there is an overall shift towards the use of neoadjuvant radio- 
therapy, especially when preserving a critical anatomical structure is one of 
the goals. In other words, historically radiation therapy was preferably de- 
livered as an adjuvant treatment, it is now often delivered in the neoadjuvant 
setting. Local control and overall survival are not influenced by the timing 
of radiotherapy. However, neoadjuvant radiation therapy is able to offset the 
negative prognostic impact of R1 margins much more than adjuvant radio- 
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therapy. Radiation therapy is not indicated in the case of a truly compart- 
‘mental resection of a tumor entirely contained within the compartment. 
Radiation therapy should be delivered with the most appropriate tech 
nique available, to a total dose of 66 Gy in 1.8-2 Gy fractions in the neoad- 
juvant setting, depending on presentation, age and resection margins, Neo- 
adjuvant radiotherapy can be given in combination with chemotherapy to 
the total dose of $0 Gy in 1.8-2 Gy fractions with manageable toxicity. Sur- 
gery is performed 4-8 
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For better local control following wide local excision, radiotherapy is 
frequently used. In the adjuvant setting, a total dose of 50 Gy are adminis. 
tered. Adjuvant EBRTT can efficiently provide local contro! following limb- 
sparing surgery, avoiding amputation. Radiation can also be delivered to 
the tumor bed by means of brachytherapy, which requires much shorter time 
for initiation (4-7 days versus 1 month) and completion (4-5 days versus 6 
week) of therapy compared with EBRT. These both techniques appear to be 
equally effective in experienced centers. 

Radiotherapy can also be effectively employed in patients with certain 
types of extremity sarcoma who refuse or cannot tolerate surgery. Histologi- 
cal types such as myxoid liposarcoma, myxofibrosarcoma and extraskeletal 
myxoid chondrosarcoma demonstrate the greatest benefit from radiotherapy. 

The same options of treatment are used in patients with non-extremity 
(head and neck, thoracic or abdominal wall, mediastinum, retroperitoneum) 
soft tissue sarcomas, but they are difficult to treat and are associated with 
high risk of local recurrence, especially because nearby organs limit the 
maximum safe dosage of radiation. 

Early complications (wound complications) are more common after neo 
adjuvant radiotherapy, but long-term morbidity is improved with a reduction 
in fibrosis and oedema. With modem radiation therapy 
image-guided radiotherapy and IMRT, the anticipated incidence of wound 
complications after neoadjuvant radiotherapy may be lower than historically 
published incidence rates. 


Chemotherapy and targeted therapy 


Even in patients with achieved local control following surgery for inter- 
mediate- or high-grade soft tissue sarcomas, the risk of developing distant 
metastasis reaches 50% (versus 35% when surgery is combined with adju- 
vant therapy). Therefore, effective systemic therapy is a desired approach 
after definitive treatment for local disease. 
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Standard chemotherapy is based on anthracyclines as first-line treatment, 
Multi-agent chemotherapy with adequate-dose anthracycline plus ifosfamide 
or dacarbazine may be the treatment of choice, particularly in subtypes sen- 
sitive to ifosfamide or dacarbazine, when a tumor response is felt to be po- 
tentially beneficial and patient performance status is good. These combina- 
tions are used in the most common histological types. Chemotherapy should 
preferably be given in the neoadjuvant setting for at least three courses. 
Nevertheless, no evidence exists that neoadjuvant chemotherapy is superior 
to adjuvant chemotherapy for soft tissue sarcomas. ‘The decision in patients 
affected by less common histological types needs to be made on an individ- 
ual basis. Histological types known to be refractory to anthracy- 
cline/ifosfamide regimen should not receive adjuvant/neoadjuvant chemo- 
therapy. In angiosarcoma, adjuvantneoadjuvant chemotherapy may be a 
reasonable option, since there is a high risk of local and metastatic relapse 
and the sensitivity to available agents (¢.g., anthracyclines, ifosfamide, tax- 
anes, gemcitabine) is high. However, definitive evidence to support this ap- 
proach is currently lacking. On the whole, adjuvant chemotherapy should 
never be intended to compensate for inadequate surgery. 

When decision is in favor of neoadjuvant chemotherapy and radiothera- 
Py; radiation therapy should not delay the start of chemotherapy, and both 
modalities can be used concomitantly. Evidence has been provided about 
the tolerability of the combination. 

In patients with locally advanced or metastatic, unresectable disease, 
temic treatment with an essentially palliative intent can be proposed. An- 
thracycline-based chemotherapy is the standard first-line treatment. There is 
no evidence that multi-agent chemotherapy is superior to single-agent 
chemotherapy with doxorubicin alone in terms of overall survival. There- 
with — adequate-dose _anthracy- 
particularly in histological 
types sensitive to ifosfamide, when a tumor response is felt to be potentially 
beneficial and patient's performance status is good. Doxorubicin plus 
dacarbazine is an option for multi-agent, first-line chemotherapy for leio- 
myosarcoma, in which the effect of ifosfamide is far less convincing. Angi 
osarcoma is highly sensitive to taxanes, which can be a treatment option in 
this histological type. An alternative option is gemcitabine, alone or in com- 
bination with docetaxel. Trabectedin, an alkylating agent, is an option in 
advanced soft tissue sarcoma (especially, in liposarcoma and leiomyosar- 
coma) in second and further lines of treatment, 

Imatinib is the standard first-line medical therapy for patients with ad- 
vanced dermatofibrosarcoma protuberans. NTRK (neurotrophic tyrosine 
receptor kinase) inhibitors (larotrectinib, entrectinib) are the standard treat- 
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ment of those rare patients with locally-advanced or metastatic NTRK- 
rearranged sarcomas. They can be considered also in the preoperative set- 
ting, when a cytoreduction can improve morbidity and function, Pazopanib 
(multiple TKD is an option in non-adipogenic soft-tissue sarcoma in second 
and further lines of treatment. 

In cases of metachronous (after surgery for primary tumor) metastatic 
disease, chemotherapy may be added to surgery as an option, taking into 
account the prognostic factors, although there is a lack of formal evidence 
that this approach improves outcome; a short previous recurrence-free inter- 
val and a high number of lesions are adverse factors, encouraging the addi- 
tion of chemotherapy. Chemotherapy is preferably given before surgery to 
assess tumor response and modulate treatment, When lung metastases are 
synchronous, in the absence of extrapulmonary disease, standard treatment 
is chemotherapy. Surgery for resectable residual lung metastases (following, 
the excision of the primary tumor) may be offered as an option after chemo- 
therapy, especially when a tumor response is achieved. 

Pulmonary non-resectable disease and extrapulmonary metastatic disease 
are treated with chemotherapy as the standard of care. Surgery or stereo- 
ablative radiotherapy for extrapulmonary metastases without chemotherapy 
may be an option in selected cases, especially in oligometastatic disease. 
Surgery or radiotherapy of responding metastases may be offered as an op- 
tion, taking into consideration the site, tumor extent and natural history of 
the disease in the individual patient. 


PROGNOS! 


Prognosis for soft tissue sarcomas greatly depends on the following fac- 
tors: tumor size; depth of the tumor; histological type; histologic grade; pri- 
mary site; clinical stage; DNA ploidy: oncogene mutation; adequacy of sur- 
gical margins. 5-year survival rates reach about 80% for localized, 55% for 
regional, and 15% for metastatic disease. 

‘Superficially located tumors have relatively better prognosis compared to 
deep-seated (intermuscular, intramuscular, retroperitoneal) tumors of the 
same histological type. This difference is probably related to the fact that 
superficial tumors are significantly smaller at the time of excision. 

Mutations in certain genes, such as 7P53, MDM2, and RB/ are associat- 
ed with worse prognosis. 


PREVENTION 


Due to the fact that the incidence of soft tissue sarcomas is low and the 
exogenous factors associating with development of these tumors have not 
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been fully studied, reliable preventive measures have not been developed to 

reduce the risk of the mentioned malignant neoplasms. However, following 

certain measures can reduce the risk of these tumors: 

* Given that the main known environmental risk factor for soft tissue sar- 
comas is exposure to ionizing radiation, measures aimed at reducing the 
dose of irradiation affecting soft tissue may reduce this risk. For this pur- 
pose, a more accurately delivering the radiation to the target tissue from 
different directions can be one of the effective preventive measures. 


Screening for soft tissue sarcomas 


Given the rarity of soft tissue sarcomas, no screening protocols are used 
for earlier detection of these tumors. 


Follow-up for soft tissue sarcoma survivors 


Follow-up of the patients treated for soft tissue sarcomas includes physi- 
cal and imaging studies (US or CT scan of the affected site: chest radiog- 
raphy or thoracic CT scan) carried out every 3 months for the first two 
years, every 6 months for the third year, and once a year thereafter. In gen- 
eral, vigorous surveillance requires 3-5 years following radical-intent treat- 
ment. 
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EPIDEMIOLOGY AND STATISTICS 


Bone sarcomas account for 0.2-0.4% of all malignant tumors, and for 10- 
20% of all sarcomas (bone sarcomas and soft tissue sarcomas together). 
‘The most common type of bone sarcoma is osteosarcoma. The incidence of 
bone sarcomas in the United States is approximately I new case per 100.000 
population per year. The incidence of these tumors is slightly higher (by ap- 
proximately 1.5 times) in men compared to women. One out of 1140 men or 
1660 women is at risk of developing bone sarcomas during their lifetime. 

About half of the cases of bone sarcoma are found over age 45 years, 
15% over age 75 years (mean age, 40 years). The highest incidence is ob- 
served in people aged over 85 years. In general. the risk of bone sarcomas 
increases with age, but some subtypes mostly occur in children and adoles- 
cents, Osteosarcoma has a bimodal age distribution: the larger peak in ado- 
leseence and youth (10-30 years) and the smaller peak in the elderly (over 
60 years). Osteosarcoma is rarely seen in children before age 5 years. Most 
cases of Ewing sarcoma occur before age 20 years, chondrosarcoma and 
malignant fibrous histiocytoma over age 40 years, 

‘The incidence of osteosarcoma in African Americans is slightly higher 
than in fair-skinned people. Ewing sarcoma is 9 times more common in fair- 
skinned people compared to dark-skinned population. Chondrosarcoma is 
Jess common in Asian countries compared with the Americas, 

Less than 1% of eases of cancer-related death are attributable to bone 
sarcomas. 


ETIOLOGIC FACTORS 
Environmental factors 


Exposure to ionizing radiation (gamma radiation and X-rays) is consid- 
ered one of the causes of bone sarcomas, The risk of developing bone sar- 
comas is linearly related to the level of radiation. An absorbed dose of 10 
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Gy is considered dangerous in terms 
of the risk of bone sarcomas, but a 
very strong association is observed 
ata dose of 30 Gy. Typical sources 
of ionizing radiation are radiothera- 
PY, diagnostic exposure and natural 
radiation ??Rn). Those who re~ 
ceived radiotherapy at a dose of 20 
Gy in childhood have up to 40 times 
increased risk compared to the gen- 
eral population. Receiving. radio- 
therapy at an older age increases this 
risk by 3S times (Figure 27.1), 
Atomic bomb survivors are 7-8 
times more likely to develop bone 
sarcoma compared to the general 
population. It should be noted that 
the period from exposure to radia- 
tion and the development of radia- 
tion-induced bone sarcoma is 3-30 
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Figure 27.1, Radiation-induced osteosar- 
ccoma of the ethmoid bone in a 67-year-old 
male patient who received $4 Gy adjuvant 
radiotherapy for adenocarcinoma of the 
right ethmoid sinus 9 years ago. Alzahrani 
M, Robier A, Pointreau Y, Bakhos D. A 
rare case of radiation-induced osteosarcoma 
of the ethmoid sinus. Case Rep Otolaryngol, 
2011; Article ID 786202. Available under 


years the CC BY 40 license. 


Radioiodine therapy. given to treat thyrotoxicosis or differentiated thy- 
roid carcinoma, is considered a possible cause of bone sarcomas, Data show 
that X-rays and CT performed during childhood or adolescence do not in- 
crease the risk for developing bone sarcomas, Despite this, whenever possi- 
ble, use of these studies should be limited in childhood. It should be noted 
that ionizing radiation is the only known external factor contributing to the 
development of osteosarcoma, 

Bone sarcomas account for 20-30% of all cases of radiation-induced sar- 
comas. Osteosarcoma is the most common malignancy among all cases of 
radiation-induced sarcomas in children and is detected within 20 years after 
radiotherapy. It should be noted that the association of chondrosarcoma with 
radiotherapy is weaker. 

‘The criteria for radiation-induced sarcoma include the followings: sarcoma develops in 
the field of irradiation, there i evidence thatthe site did not have a sarcoma prior to itra- 
dation; histological features are different depending on the primary sarcoma for which 
radiotherapy was performed (in cases when radiotherapy was performed for bone sar- 
coma), Opinions on the minimum waiting period for the development of radiation- 
induced sarcomas are controversial; this period varies from 6 months to 5 years, accord- 
ing to different authors. 
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Precancerous lesions and diseases 


Paget's disease is a chronic progressive metabolic disorder of bone (in 
which normal reparative and regenerative processes are disrupted) of un- 
known etiology and is characterized by abnormal bone formation in one or 
more bones. This disease mainly affects people over $0 years of age. Dam- 
aged bones are heavy and thick, but weaker than normal bones, and the risk 
of a pathological fracture is higher. Although this pathological condition 
does not pose a threat to life, osteosarcoma develops in 1% of patients, es- 
pecially when the lesion is multiple. 

Chondroma can progress to chondrosarcoma, which is the most common 
type of chest bone sarcomas. 60% of chondroma cases are found in the 
small bones of the hands and feet. Of the long tubular bones, chondroma 
most often affects the femur and 2 times less often the humerus. 

Ollier disease (Spranger type 1 enchondromatosis) is a multiple enchon- 
dromatosis, which is a benign neoplasm that develops in bone tissue. The 
prevalence of Ollier disease is 1 case per 100.000 population per year. This 
disease is 2 times more common in men compared to women. In the devel- 
opment of this disease, mutations in the JDH/ gene (2434) play a role in 
98% of cases, and IDH2 gene (15q26.1) in 2% of cases. These genes nor- 
mally code for the enzymes isocitrate dehydrogenase 1 and isocitrate dehy- 
drogenase 2, respectively, which convert isocitrate to 2-ketoglutarate, Due 
to the fact that Ollier disease occurs as a result of post-zygotic genetic muta- 
tions at a certain period in the development of the embryo, it is not heritable 
‘The bones of the extremities are mostly affected, most often the bones of the 
hands and feet (mainly the phalanges and metacarpals) in a typical asym- 
metrical (very rarely symmetrical) manner. Rarely, other bones of the skele- 
ton (humerus, fibula, ribs, stemum) can also be affected (Figure 27.2). It is 
characteristic that the spine and bones of the skull are not affected. They are 
called enchondromas because they develop from the medullary canal. 
Chondromas in this disease rarely develop on the surface of the bones, in 
which case they are called periosteal chondromas (or juxtacortical chon- 
dromas), Enchondromas are the second benign cartilage tumor after oste- 
ochondroma. Ollier disease and other types of enchondromatosis (Spranger 
classifies 6 types of enchondromatosis) are characterized by multiple en- 
chondromas (>3 enchondromas). Often, enchondromas do not cause symp- 
toms, and they rarely cause bony deformity, short limbs, or fractures. By 
age 40 years, 25% of patients with Ollier disease develop chondrosarcoma 
and, much less frequently, osteosarcoma. In addition, Ollier disease is some- 
times accompanied by a tumor of the ovary and fiver. Astrocytomas and 
leukemias can also develop in patients with Ollier disease. 
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Mafuucci_ syndrome (Spranger 
type 2 enchondromatosis) is charac 
terized by multiple enchondromas, 
hemangiomas (and often lympha 
giomas) of the skin, This disorder is 
very similar to Ollier disease, but 
differs from it by the presence of 
hemangiomas and_lymphangiomas 
of the skin, This disorder is caused 
by mutations in the same genes (in 
the [DH and IDH2 genes) as in Ol- 
lier disease, ‘The distribution of en- 
chondromatosis is the same as in 
Ollier disease, Individuals with Ma- 
fucci syndrome are also at risk of 
developing chondrosarcoma, ovari- 
an and liver tumors, As with Ollier 
disease, individuals with Mafucei 
syndrome do not have mental im- 
pairment. 

MeCune-Albright syndrome is 
ized by a triad of man 
tation: fibrous bone dysplasi: 
au-lait spots" and precocious puber- 
ty, This syndrome occurs as a result 
of somatic mutations in the G: 
gene (20q13.32), which encodes the 
alpha subunit of the protein com- 
plex, the guanine nucleotide binding 
protein (G protein), which is in- 
volved in signal _ transduction, 
MeCune-Albright syndrome is a ra- 
re disorder (the prevalence is 0.1- 
1/100.000). Fibrous dysplasia may 
involve single and multiple skeletal 
sites, which is characterized by 


Textbook of Oncology 


Figure 27.2. Radiographic images of hands 
and chest in @ 13-year-old female patient 
with Ollier disease: A - multiple expansile 
lytic lesions in the metecarpi and phalanges 
of both hands with sparing of right index 
finger and lytic lesions in the right distal 
radius and ulna with sparing of the left ulna; 
B— multiple lytic lesions with punctate cal- 
cifications in the anterior end of ribs and 
proximal metaphyses of both humeri ex- 
tending to the diaphysis of right humerus 
‘The patient also had the same multiple lytic 
lesions in the metatarsi and toes of the left 
foot, in the proximal and distal metaphyses 
of the left tibia and fibula, in the proximal 
‘metaphysis of the left femur and in the left 
iline bone. Sadiqi J, Rasouly N, Hamidi H, 
Siraj S. Radiographic features of Ollier's 
disease — two case reports. BMC Med Imag- 
ing. 2017, 17: 58-62. Available under the 
CCBY 40 license. 


lameness and/or pain, sometimes a pathological fracture, Scoliosis is com- 
mon and may be progressive. "Café-au-lait spots" usually appear in the neo- 
natal period. Kidney disorders occur in 50% of patients with this disorder. 
Along with precocious puberty, other endocrine disorders can be observed 
in MeCune-Albright syndrome; hyperthyroidism, Cushing syndrome, excess 
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growth hormone, ete. The extent of pathological conditions in this syndrome 
depends on the proliferation, migration and survival of cells, in which the 
specified gene is mutated during the development of the embryo. 


According to data, fibrous dysplasia is the cause of 7% of benign bone 
tumors, and about 1% of patients with this syndrome may develop malig- 
nant bone tumors. Men with MeCune-Albright syndrome are also at high 
risk of developing testicular sex cord tumors, especially Leydig-cell tumors, 


Hereditary disorders 


‘The following hereditary disorders are associated with an increased risk 
of developing bone sarcomas: 
Li-Fraumeni syndrome, 
Hereditary retinoblastoma, 
Hereditary multiple exostosis, 
Neurofibromatosis type 1, 
Trichorhinophalangeal syndrome, 
Diamond-Blackfan anemia, 
Rothmund-Thomson syndrome, 
RAPADILINO syndrome, 
Bloom syndrome, 


Werner syndrome. 


‘The main oncologic spectrum associated with Li-Fraumeni syndrome in- 
chides bones sarcomas as well (see page 280). Individuals with this syn- 
drome are 100 times more likely to develop bone sarcomas than the general 
population, Bone sarcomas are the most common malignant neoplasm in 
patients with Li-Fraumeni syndrome aged 11-20 years and occur in approx- 
imately 12% of individuals with this syndrome (Figure 27.3). In patients 
With Li-Fraumeni syndrome, chondrosarcoma is also uncommonly detected. 
Ewing sarcoma is not associated with Li-Fraumeni syndrome. It should be 
noted that osteosarcoma associated with Li-Fraumeni syndrome shows the 
same site distribution as sporadic osteosarcoma. The age of patients with 
‘osteosarcoma is much younger than with sporadic osteosarcoma. 
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Figure 27.3. Osteosarcoma of the upper jaw in a 24-year-old male patient with Li- 
Fraumeni_ syndrome (A). Osteosarcoma of the lower jaw in the 23-year-old younger 


brother (B) 4 years after the diagnosis of osteosarcoma in the older brother. Ilié M.P., 
‘Aleksandar K., Markov B. et al, Li-Fraumeni syndrome: a case report. Vajnosanit Pregl, 
2014; 71; 1159-1162. Available under the CC BY-SA 4.0 license 


Hereditary retinoblastoma is characterized by an increased risk of devel- 
oping various cancers (sarcomas, carcinomas, melanoma) in addition to the 
most commonly (in all individuals) observed retinoblastoma (see page 200). 
It should be noted that patients with germline mutations in the RBJ gene 
have an increased risk of developing 
bone and soft tissue sarcomas (by 
200-500 times) 10-30 years after 
retinoblastoma treatment. The risk is 
especially high in those who have 
received radiation treatment for reti- 
noblastoma, Osteosarcoma is the 
most common secondary malignan- 
cy in patients with hereditary reti- 
noblastoma, The mentioned tumor 


accounts for 25-30% of all second 
primary tumors, Osteosarcoma typi- 
cally develops between ages 10 and 
20 years, and the distribution of this 
tumor shows a similar distribution 
pattem as sporadic osteosarcoma 
Despite the fact that osteosarcoma 
develops more often in the bones of 
the skull (in the field of radiothera- 
py), it is also found in other bones 
(Figure 27.4), Treatment with alky- 


Figure 27.4. Osteosarcoma in the distal 
epiphysis of the right femur in a T-year-old 


male patient, detected by X-ray (A) and 
MRI (B), The patient has a history of enu- 
cleation of the right eye at the age of 2 years 
for unilateral retinoblastoma (no family 
history of retinoblastoma). The patient un- 
derwent chemotherapy and radiotherapy for 
retinoblastoma, Slalia Z, Zaier A, Kacem S, 
Smida M Retinoblastoma and second bone 
sarcomas: a pediatric ease report. Ann Clin 
Case Reps, 2016; 1- 1190-1192, Available 
under the CC BY 4.0 license 
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lating agents further increases the risk of osteosarcoma, but not to the same 
extent as for soft tissue sarcomas. It should be noted that patients with he- 
reditary retinoblastoma often develop chondrosarcoma and Ewing sarcoma, 
but there is no accurate data about the risk for these tumors. 

Hereditary multiple exostosis (multiple osteachondromatosis, diaphyseal 
aclasia) is « hereditary, autosomal dominant disease characterized by multi- 
ple osteochondromas throughout the skeleton. This disorder is a genetically 
heterogeneous disease and it is believed that mutations in one of at least 
three genes, called EXT genes, ENT! (424.11), ENT2 (11p11.2) and EX73 
(19p), play a role in its development. Chondromas appear in the first decade 
of life, their number varies from two to hundreds, Chondromas mainly de- 
velop at the rapidly growing ends of long bones, but can also be found on 
the medial margins of the scapulae, ribs, and ilium. Chondromas tend to in- 
crease in size as long as the epiphyseal plates are open, while osteochon- 
droma growth stops when the growth zones are replaced by hard bone tis- 
sue, Usually the osteochonromas are painless and create mainly cosmetic 
defects. Along with the development of osteochondromas, in patients with 
this pathological condition, there is an impairment of the skeletal growth of 
a different nature, including growth retardation. On average, in 5% (2-8% 
of cases, osteochondroma progresses to osteosarcoma (Figure 27.5). 

Neurofibromatosis type 1 (von Recklinghausen disease) is also associated 
with an increased risk of bone sarcomas (see page 604). In patients with 
von Recklinghausen disease, along 
With other malignant tumors, there 
is also a 8-fold increased risk for the 
development of bone sarcomas (os- 
teosarcoma, spindle cell sarcoma, 
Ewing sarcoma), Bone sarcoma in 
neurofibromatosis type 1 is diag- 
nosed, on average, at age 22 years 


(9-54 years), 

Trichorhinophatangeal __syn- 
drome (TRPS) is a genetic disorder 
characterized by a typical defect in 
the craniofacial bones and skeleton 
Three subtypes of this syndrome 
have been described. TRPS type 1 is 
inherited in an autosomal dominant 
pattem, while TRPS type 2 often 
develops sporadically. TRPS type 1 
occurs as a result of germline muta- 


Figure 27.5. CT scan demonstrates signs of 
cchondrosarcoma (arrow) in the distal part of 
the left femur (in contrast to the right fe- 
mur), which was confirmed pathologically, 
ina 13-year-old boy with hereditary multi- 
ple exostosis, The patient has a family histo~ 
ry of hereditary multiple exostosis, Schmale 
GA, Hawkins DS, Rutledge J. Conrad EU. 
Malignant progression in two children with 
multiple osteochondramas. Sarcoma, 2010; 
Article ID 417105, Available under the CC 
BY 40 license 
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tions in the TRPS/ gene (8q23.3), TRPS type 2 develops due to mutations in 
the EXT? gene (8q24.11). There are no data in literature on cytogenetic al- 
terations in TRPS type 3. According to some experts, TRPS type 3 is exact- 
ly TRPS type 1, only in a more acute form. TRPS type 2 is also known as 
Langer-Giedion syndrome, TRPS type 3 is also known as Sugio-Kajii syn- 
drome. As noted above, the EXT! and TRPS! genes are located on the same 
chromosome (on the long arm of chromosome 8) in the neighborhood, and 
in TRPS, both genes are usually absent or mutated along with other nearby 
genes, Loss of EX’! gene function leads to the development of multiple ex: 
ostosis, of TRPSI gene to the occurrence of other pathologies of bones and 
face 

All three types of disorders stated above affect the hair (tricho), nose 
(rhino) and fingers (phalanges). In other words, individuals with this syn- 
drome have sparse and slow-growing hair, a long bulbous nose (pear-shaped 
nose), and deformities of the fingers. Along with this, some patients have 
large protruding ears and wide eyebrows. In addition, multisystem disorders 
are observed in all types of this syndrome, including endocrine disorders, 
kidney and heart pathologies, and bone dysplasia. Exostoses observed in 
individuals with TRPS have the potential to develop into chondrosarcoma. 
Sometimes, in this syndrome, de novo osteosarcoma develops. 

Diamond-Blackfan anemia is a hereditary disorder (inheritance pattem is 
autosomal dominant) of bone marrow functions. This disease mainly occurs 
asa result of mutations in the genes RPLS (1p22.1), RPLIJ (1p36.11), 
RPL3SA (3q29), RPS? (2p25.3), RPS10 (6p21.31), RPSI7 (15q25.2), RPSI9 
(19q13.2), RPS24 (10q22.3), or RPS26 (12q13.2), These genes are located 
on different chromosomes and code for some of the approximately 80 ribo- 
somal proteins. As known, ribosomes consist of 2 parts; from large and 
small subunits. RPL (ribosomal proteins of long subunit) genes code for 
proteins of the large subunit of the ribosome, RPS (ribosomal proteins of 
short subunit) genes for the small one. 

‘The specific functions of each ribosomal protein are not fully known. But 
mutations in the aforementioned genes affect the stability of the structure 
and function of the corresponding proteins, which leads to disruption in the 
formation of red blood cells. Approximately 25% of cases of Diamond- 
Blackfin anemia have mutations in the RPS/9 gene, in 25-35% of cases in 
the other genes mentioned above. In the remaining 40-50% of cases of this 
disorder, the cause remains unknown. It is not excluded that mutations in 
other unknown genes are involved in those cases. 

Approximately half of the eases of Diamond-Blackfan anemia have phy 
ical disorders: microcephaly, micrognathia (small lower jaw), ocular hyper- 
telorism (increased distance between the eyes), wide and flat nose, ptosis, 
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ete, Individuals with Diamond- 
Blackfan anemia have a very high 
risk (about 300 times higher) of de- 
veloping myelodysplastic syndrome, 
in which immature blood cells are 
affected during development. Along 
with this, people with this disease 
have a 30-fold higher risk of devel- 
oping acute myeloid leukemia and 
osteosarcoma. 

Rothmund-Thomson syndrome 
(congenital poikiloderma) is a rare 
inherited disorder characterized by a 
wide spectrum of abnormalities (see 
page 170). Along with a wide range 
of pathological conditions, the de- 
velopment of osteosarcoma is also 
characteristic of Rothmund- 
‘Thomson syndrome, Osteosarcoma 
is observed in 30% of patients with 
Rothmund-Thomson syndrome, es- 
pecially in children and adolescents 
(Figure 27.6). In individuals with 
this syndrome, other malignant tu- 
mors are also observed, but more 
than 60% of all cases of malignant 
neoplasms are attributable to osteo- 


sarcoma. The life expectancy of patients with the met 
without peculiarities, unless death from malignant processes 0% 


mentioned in chapter 6, Rothmund-1 
type 2 (RTS2) are distinguished. R 
congenital bone det 
cutaneous SCC later in life. 
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Figure 27.6, MRI of the lesions in the met 


aphysis and epiphysis of the right tibia and 
the distal metaphysis of the left femur con- 


sistent with synchronous multiple primary 
‘osteosarcoma in an 8-year-old female pa- 
tient with Rothmund-Thomson syndrome. 
‘At the age of 3 months, the patient devel- 
‘oped facial erythema, which extended rapid- 
ly to the upper and lower extremities, later 
evolving into a reddish-brown rash with 
‘multiple hypo- and hyperpigmented lesions 
sand verrucous papules of varying sizes, At 
the age of 7 years, she demonstrated short 
stature, sparseness of scalp hair, eyebrows 
and eyelashes, and dystrophic nails. With 
permission: El-Khoury IM. Haddad SN, 
Atallah NG. Osteosarcomatosis with 
Rothmund-Thomson syndrome. Br J Radi- 
of, 1997, 70: 215-218, 


ned syndrome is 
urs, AS 
jomson syndrome type 1 (RTS1) and 
is characterized by poikiloderma, 


fects, an increased risk of osteosarcoma in childhood, and 


RAPADILINO syndrome is «rare hereditary disorder (inheritance pattem 
is autosomal recessive) that manifests itself in many parts of the body. RA- 
PADILINO syndrome occurs due to germline mutations in the RECOL4 
gene (8q24.3), One out of every 75.000 people suffer from this pathology. 
Although this syndrome is also observed in other regions of the world, it is 
mostly found in Finland. The mentioned gene encodes one of the members 
of the family of proteins, the so-called RecQ helicases, which by binding to 
DNA temporarily unwind DNA molecules for the process of copying and 
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restoring the latter. RECOL4 mutations are associated with a decrease in 
DNA replication and repair, which eventually leads to serious damage to the 
genome. 

In RAPADILINO syndrome, bone development is mainly impaired. 
Many individuals with this syndrome suffer from underdevelopment of the 
bones of the forearm and thumb, which is known as radial ray malfor- 
mation. The patella is also missing or underdeveloped. Manifestations of the 
syndrome include a split palate, a long and thin nose, and displacement of 
the joints, Because cleft palate babies are difficult to feed and some babies 
experience diarthea, they become malnourished, resulting in stunted growth. 
‘Thus, RAPADILINO reflects the acronyms of the characteristic manifesta- 
tions of pathology: radial ray malformation (RA), patella and palate ab- 
normalities (PA), dislocated joints and diarrhea (D1), limb abnormalities 
and litle size (LI), slender nose and normal intelligence (NO). 

Some people with this syndrome have light brown spots in the form of 
“eafé-au-lait spots". It should be noted that poikiloderma, which is very 
characteristic of Rothmund-Thomson syndrome, is not seen in RAPADILI- 
‘NO syndrome. Individuals with RAPADILINO syndrome have a higher risk 
of developing osteosarcoma and non-Hodgkin lymphoma. In the affected 
individuals, osteosarcoma typically occurs during childhood and adoles- 
cence, and lymphoma occurs at a young age. 

Bloom syndrome is also associated with an increased risk of developing 
bone sarcoma in addition to various hematolymphoid, epithelial and mesen- 
chymal malignancies (see page 167). 

Werner syndrome is also associated with an increased risk of developing 
osteosarcoma in addition to various epithelial, mesenchymal, hematopoietic 
malignancies and melanoma (see page 197). Most cases of osteosarcoma in 
this syndrome are found in the bones of the leg and ankle. Approximately 
10% of patients with Werner syndrome develop malignant tumors, 50% of 
Which are sarcomas (soft tissues and bones). Osteosarcoma in this syndrome 
is found at an older age; at age 35-57 years, In about half of the cases, osteo- 
sarcoma is combined with soft tissue sarcoma and thyroid carcinoma. 

It is. important to note that the last 4 syndromes. (Rothmund-Thomson syndrome, 
RAPADILINO syndrome, Bloom syndrome, Werner syndrome), which are associated with 

an increased risk of developing osteosarcoma, are helicase syndromes, There are different 
helicases, the functions of many have not yet been elucidated. There are S known mem 
bers of the RecQ helicase gene family, 3 of which (RecQL2, RecQL3 and RecQLA) are 
associated with syndromes characterized by an increased risk of osteosarcoma, Unlike Li- 
Fraumeni syndrome and hereditary retinoblastoma, all ofthese syndromes are inherited in 
an autosomal recessive manner. All these 4 syndromes share common clinical manifesta- 
tions: chromosomal instability, growth retardation, dermatological signs and a predisposi- 
tion to the development of malignant neoplasms. Of these 4 syndromes, osteosarcoma is 
‘most offen observed in Rothmund-Thomson syndronte, 
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Conditions associating with an increased risk of bone sarcomas 


‘The risk of primary bone sarcomas is 30-50 times higher in individuals 
with a history of bone sarcoma. This risk is also higher in individuals with a 
history of non-Hodgkin lymphoma. The risk of bone sarcomas is especially 
higher (by approximately 20-40 times) in individuals with a history of ma- 
lignant neoplasms in childhood. Along with this, the risk is also high in 
people with a history of malignant neoplasms (retinoblastoma, kidney can- 
cer, soft tissue sarcoma) in adolescence and who received alkylating agents, 
and radiotherapy. The risk of developing bone sarcomas (especially chon- 
drosarcoma) is also higher in individuals with a history of Wilms’ tumor. 
Approximately 7% of patients with Wilms’ tumor develop secondary malig- 
nant tumors (bone and soft tissue sarcomas, breast carcinoma, lymphomas, 
etc.) 40 years after the diagnosis. 

Children with osteosarcoma are taller than the general paediatric popula 
tion, The mechanism of this association is not clear. but it is likely that rapid 
growth is a marker of those mechanisms that are associated with the devel- 
opment of osteosarcoma. 

‘There is evidence that certain occupations (blacksmith, toolmaker. ma- 
chinist, bricklayer. carpenter, woodworker. ete.) are associated with an in- 
creased risk (by 2-4 times) of developing bone sarcomas. 


CANCEROGENESIS 


Osteosarcoma is believed to arise from primitive mesenchymal bone- 
forming cells, which are derived from pluripotent mesenchymal cells. 
Chondrosareoma may arise de novo (primary chondrosarcoma) or from 
preexisting lesions of the cartilage (secondary chondrosarcoma). ‘The exact 
cell of origin of Ewing sarcoma is unknown. 

Structural chromosomal aberrations and genetic instability are frequent 
events in chondrosarcomas, being more frequently grade 3 chondrosarcoma 
followed by grade 2 chondrosarcoma. Amplification of the c-MYC proto- 
oncogene, mutations in /DH1 and [DH2 genes have been identified in chon- 
drosarcomas. 

‘The most common translocation seen in about 85% of cases of Ewing 
sarcoma is t(11;22\(q24:q12), which is characterized by EWS-FLII fusion 
gene. Altemative translocations resulting in fusion of IVS gene with other 
genes from ETS family are EWS-ERG ((21;22\q22:q12), EWS-ETV-1 
1(7;22\(p22:q12) and EWS-EAF-1 1(17;22Xq12:q12) rearrangements detect- 
ed in other 10% of Ewing sarcoma cases. It is considered that without a 
translocation, the tumor does not belong to Ewing sarcoma. 
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Various types of sarcoma develop in bones. Osteosarcoma and chondro- 
sarcoma are the most common types and together account for more than half 
of all bone sarcomas. In children and young adults (<20 years), bone sarco- 
mas are observed in the following ratio: osteosarcoma, 56%; Ewing sar- 
coma, 34%, chondrosarcoma, 6% others, 4°. In adults, bone sarcomas are 
observed in the following ratio: chondrosarcoma, 40%, osteosarcoma, 28% 
Ewing sarcoma, 8%; malignant fibrous histiocytoma (4%); others (20%). 

Osteosarcoma is the most common primary bone sarcoma and is highly 
malignant. It is most commonly found in people aged 10 to 25 years. A 
number of histological subtypes of osteosarcoma is distinguished: conven- 
tional type (the most common type in childhood and adolescence): telangi- 
ectatic type (seen in adolescence and early adulthood): parosteal type (a 
low-grade tumor arising from bone cortex and most commonly develops on 
the distal posterior aspect of the femur): periosteal type (low- to intermedi- 
ate-grade tumor typically arising immediately below the periosteum; most 
commonly involves the tibia and is more common in adults); low-grade cen- 
tral osteosarcoma (originates within the medullary cavity of bone and is of- 
ten mistaken for fibrous dysplasia; at histologic examination, it appears as a 
Broders grade 1 or grade 2 lesion); small cell osteosarcoma (this rare type 
of osteosarcoma is seen in adolescents and young adults and has microscop- 
ic features of osteosarcoma and of Ewing Sarcoma in that small cells cyto- 
morphologically similar to those seen in Ewing sarcoma are found in a his- 
tologic background of osteoid); high-grade surface osteosarcoma (this is a 
rare type of osteosarcoma arising on the surface of bone); secondary osteo- 
sarcoma (this type of osteosarcoma occurs in the elderly, usually secondary 
to malignant degeneration of Paget disease, extensive bone infarcts, post- 
radiotherapy conditions, osteochondroma, and osteoblastoma). 

Conventional osteosarcoma is a high-grade malignancy, accounting for 
75% of all high-grade osteosarcomas. High-grade types of osteosarcoma 
include telangiectatic osteosarcoma, small cell osteosarcoma, high-grade 
surface osteosarcoma, and secondary osteosarcoma. Other variants (low- 
grade central osteosarcoma, parosteal osteosarcoma, and periosteal osteo- 
sarcoma) are less aggressive entities with a lower rate of metastasis and a 
long-term survival rate reaching up to 90%. 

Most cases of bone sarcomas are found in the lower extremities, less in 
the pelvic bones, and rarely in the bones of the upper extremities and skull 
In most of the cases, osteosarcoma arises as solitary lesions in fastest grow- 
ing areas of the long bones of children: the distal femur, the proximal tibia, 
and the proximal humerus are the most commonly affected areas. Rarely, 
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multiple sites of osteosarcoma may be detected synchronously (within 6 
months after diagnosis) or metachronously (later than 6 months after diag- 
nosis). Multiple osteosarcomas tend to be found in children younger than 10 
years. 

Chondrosarcoma is the most common bone sarcoma in adults and in- 
cludes a group of tumors that predominantly consists of malignant cartilagi- 
nous tissue, Most chondrosarcomas arise as primary malignant tumors. 
Chondrosarcoma can also arise in preexisting benign lesions such as en- 
chondroma and osteochondroma. In these circumstances, they are referred 
to as secondary chondrosarcoma and secondary peripheral chondrosarcoma, 
respectively. Different types of chondrosarcoma are distinguished: conven- 
tional chondrosarcoma (about 90%), dedifferentiated chondrosarcoma, 
clear cell chondrosarcoma, mesenchymal chondrosarcomar, juxtacortical 
chondrosarcoma, secondary chondrosarcoma. 

Chondrosarcomas can be divided into the following histologic grades: 
low-grade (grade 1); intermediate-grade (grade 2), high-grade (grade 3). 
‘The majority of chondrosarcomas are low grade, locally aggressive, non- 
‘metastasizing tumors (grade 1) rather than high grade (grades 2-3). Low- 
grade chondrosarcomas are slow-growing tumors that can be difficult to dif 
ferentiate from enchondroma and other benign cartilage lesions. These tu- 
mors are unlikely to metastasize, but may recur locally. High-grade chon- 
drosarcomas are aggressive tumors, characterizing by early metastasis. It is 
important to note that assessing the grade of chondrosarcomas is difficult 
and variations in opinions even among experts are common. 

Most chondrosarcomas arise centrally in the metaphyseal region of long 
bones, but they can also develop in flat bones such as pelvis, rib, and scapu- 
Ja. Chondrosarcomas are usually solitary, but they can occur as multiple le- 
sions in patients with multiple osteochondromas and enchondromatosis. 
Chondrosarcomas can have a soft tissue tumor component involving sur- 
rounding soft tissue. High-grade chondrosarcoma frequently arises in the 
axial skeleton and long bones. In rare circumstances, conventional chondro- 
sarcoma can “dedifferentiate” into a very high-grade tumor, the so-called 
dedifferentiated chondrosarcoma, which is very aggressive and frequently 
metastasize, characterizing by a dismal prognosi 

Ewing sarcoma is the third most common primary bone malignaney. It is 
seen most frequently in children and adolescents, but rarely is also diag- 
nosed in adults, Median age at diagnosis is 15 years, with male predilection 
of 1.5:1, All Ewing sarcomas are high-grade tumors 

About half of cases of Ewing sarcoma develop in the extremities; most 
often from diaphyseal region, in 15-20% of the cases from metaphyseal re- 
gion. Approximately 25% of cases of Ewing sarcoma is seen in the pelvic 
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bones, The ribs and vertebral column are also often affected. Ewing sarcoma 
tends to be extensive, sometimes involving the entire bone shaft. Ewing sar- 
coma can also arise from soft tissues, displaying the same behavior in prin- 
ciple. 

Involvement of regional lymph nodes are not common in bone sarcomas. 
Distant metastases mainly develop in the lungs and spread to other sites is 
extremely rare, Ewing sarcoma can spread to other bones or the bone mar- 
row; 20% to 25% of patients are diagnosed with metastatic disease (10% in 
the lungs, 10% in the bones/bone marrow, and S% in combinations, or at 
other sites). 


Staging of bone sarcomas 
‘TNM staging of osteogenic sarcoma is detailed on page 694. 


CLINICAL PRESENTATION 


Symptoms of osteosarcoma may be present for weeks or months (occa 
sionally longer) before the diagnosis. The most common symptom of bone 
sarcomas is pain (dull, achy pain, pain at night), particularly pain with activ- 
ity. These pains are frequently thought to be growing pains or due to possi- 
ble sprain or arthritis. Pain in lower extremity can result in a disturbance of 
joint function and a limping. Presence of swelling depends on the size of the 
tumor and its location. Pathologie fractures are not common in patients with 
osteosarcoma, excluding telangiectatic type, which is more commonly asso- 
ciated with pathologic fractures, Systemic symptoms, such as fever and 
night sweats are presented rarely. Multiple metastases to the lungs may 
cause respiratory symptoms, presence of which indicates extensive disease, 


DIAGNOSTIC: 

Clinical examination (history taking, inspection, palpation, ete.) can pro- 
vide valuable information for diagnosis in patients with bone sarcomas, The 
medical history should focus on symptoms such as duration, intensity, and 
timing of pain (for example, night pain), and fracture. Moreover, specific 
events for bone tumors include prior bone lesions (benign or malignant), 
family history of cancer, and previous radiotherapy. The presence of persis- 
tent non-mechanical pain in any bone lasting more than a few weeks should 
cause concern and lead to immediate investigation. A recent injury does not 
exclude a malignant tumor and must not delay appropriate diagnostic proce- 
dures if bone sarcomas are clinically suspected. Visible mass may be seen in 
the affected area and increased skin vascularity over the mass may be dis- 
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cernable in patients with osteosarcoma. Decreased range of motion in the 
relevant joint may be obvious on physical examination. A palpable mass in 
the affected area may or may not be present. The palpable mass may be ten- 
der and warm; those signs are indistinguishable from those of osteomyelitis. 
Auscultation of the lungs can be informative in cases of extensive spread of 
the disease. Petechiae or purpura due to trombocytopenia may be observed 
in cases of Ewing sarcoma with significant bone marrow metastases. 

Plain radiography of the affected bone is the primary imaging study and 
should be obtained in two views: posteroanterior and lateral. A film of the 
affected bone and adjacent joint should be obtained to detect possible skip 
lesions or joint involvement. On radiography, osteosarcoma can be seen as 
purely osteolytic (nearly 30%), purely osteoblastic (nearly 45%) or mixed 
(nearly 25%). On radiography, characteristic Codman triangle (elevation of 
periosteum) is detected in most of the cases. Extension of the tumor through 
the periosteum may demonstrate a so-called sunburst appearance (Figure 
27.4 A), which is seen in about 60% of cases. Telangiectatic osteosarcomas 
are frequently cystic and may be mistaken for an aneurysmal bone cyst. 


In chondrosarcomas, bony contour appears thinned and expanded, multi- 
ple surface erosions (endosteal scalloping) can be seen, Cortical thickening 
may also be observed, Variable amounts of stippled calcification (some- 
times, resembling popcom or commas) are seen. Malignant transformation 
of benign cartilage tumors should be suspected when serial follow-up radio- 
graphs demonstrate the following findings: growth of the lesion; decreased 
calcification and increased lysis; endosteal erosions; destruction of the cor- 
tex. 

Radionuclide bone scanning with "Te-methylene  diphosphonate 
("Te-MDP) is very informative in assessing for the presence of multifocal 
or metastatic disease. After the skeletal scintigraphy, the abnormal areas 
should be evaluated by MRI or CT scan. 

When the diagnosis of malignant tumor cannot be ruled out with certain- 
ty on radiographs, the next imaging modality is MRI of the whole compart- 
‘ment with adjacent joints (Figure 27.4 B, 27.6). Extent of the primary bone 
tumor, including intramedullary disease and soft tissue involvement and 
skip lesions are best evaluated by MRI. This imaging modality is very in- 
formative in assessing accurate surgical staging of the tumor (according to 
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Enneking staging system). According to data from studies, MRI is also use- 
ful for perioperative assessment of the response of osteosarcoma patients to 
neoadjuvant chemotherapy. 

MRI (dynamic MRI) is a reliable tool also for assessment of tumor re- 
sponse to chemotherapy before surgery in patients with osteosarcoma, when 
it is clinically doubtful and relevant for ion-making, but re- 
quires sequential scans to evaluate change in tumor vascularity, Tumor re- 
sponse is often apparent only after several cycles of chemotherapy. ‘The as- 
sessment of peritumoral edema is helpful: its disappearance is a sign of 
good treatment response. In cases of Ewing sarcoma, change in the size of 
the soft tissue mass is easily evaluated on MRI and is a good predictor of 
tumor response. Dynamic MRI is not as reliable as in osteosarcoma in pa- 
tients with Ewing sarcoma, as remaining small tumor foci may not be de- 
tected. 

CT scan of the affected area is very informative on delineating the loca- 
tion and extent of the tumor (Figure 27.5). Moreover, calcification, perioste- 
al bone formation, and cortical destruction can be visualized by CT more 
clearly. In addition, chest CT scan is more sensitive and specific than plain 
chest radiography in assessing for pulmonary metastasis. 

According to data, PET-CT scan can be helpful for differentiating chon- 
drosareomas from chondromas in long bones. 

A pathological fracture may lead to the dissemination of tumor cells into 
surrounding tissues and increase the risk of local recurrence. In the case of 
an existing pathological fracture due to a possible primary malignant bone 
tumor, adequate imaging should be carried out, including MRI followed by 
biopsy. 

‘The type of bone sarcomas should be determined before treatment on the 
basis of histological examination of biopsy samples obtained by fine needle 
or core needle biopsy. Biopsy for malignant bone tumors is 
complex procedure. So an improperly executed biopsy may result in the 
amputation of the extremity that could otherwise be preserved. Biopsy can 
also be performed with an open technique. Bilateral bone marrow biopsies 
can be executed in patients with Ewing sarcoma for evaluation of tumor ex- 
tent. It should be noted that biopsy should be performed after tumor stage 
have been performed. 

‘The principles of bone biopsy for suspected malignancy are: there 
should be minimal contamination of normal tissues: in many situations, im- 
age-guided core-needle biopsy is an appropriate alternative to open biopsy: 
adequate sampling of representative areas must be assured: if an open biop- 
sy is chosen, it should be carried out using a longitudinal incision 
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The risk of needle-track seeding is high following biopsy in patients with 
bone sarcoma, especially with chondrosarcoma because cartilaginous tumor 
matrix is avascular, due to which malignant cartilage cells can survive when 
they are spilled into the wound, For this reason, biopsy of chondrosarcoma 
should be performed as meticulously as possible, It is because biopsy tract 
should be clearly marked by means of a small incision or ink tattoo to en- 
sure that the location can be recognized at the time of the definitive pro 
dure. In aggressive malignant bone tumors, the biopsy tract must be consid- 
ered to be contaminated with tumor cells and must be removed together 
with the resection specimen to avoid local recurrences (including the possi~ 
ble channels through which drains have been plac 

On histopathologic examination, the characteristic feature of osteosar- 
coma is the presence of osteoid (immature bone produced by tumor cells) in 
the lesion, even in metastasis. Although osteoid formation is commonly ob- 
vious, electron microscopy occasionally may be needed to reveal this fea- 
ture. 

Differentiation of Ewing sarcoma from other small round cell tumors, 
such as embrional rhabdomyosarcoma, neuroblastoma and lymphoma often 
is difficult and immunohistochemical staining is required. Ewing sarcoma is 
periodic acid-Schiff positive, and demonstrate CD99(MIC2}-positivity. 

Although most Ewing sarcomas can be recognized with classical haema- 
toxylin and eosin (H&E) and immunohistochemistry, including CD99 
(EWS-FLII fusion gene product), EWS gene rearrangement detection is 
mandatory when the clinical-pathological presentation is unusual, or the his- 
tological diagnosis is doubtful. In other words, to diagnose Ewing sarcoma, 
molecular methods that aim to detect characteristic fusion genes are used in 
combination with histological and immunohistochemical examinations. For 
this purpose, reverse transcription polymerase chain reaction (RT-PCR) and 
fluorescent in situ hybridization (FISH) are used to detect chromosomal 
translocation, 1(11;22)(q24;q12) characterized by EWS-FLII fusion gene; 

AWS gene rearrangement is found in 95% of Ewing sarcoma cases. It should 
be noted that the detection of specific translocations using molecular analy- 
sis is now a routine part of pathological examination of Ewing sarcoma. 

Once bone sarcoma is diagnosed, pretreatment (preanesthesia) evaluation 
includes complete blood count, comprehensive metabolic panel (plus lactic 
dehydrogenase, LDH), and ECG, which assist in determining optimal thera- 
Py. 

Histopathologic examination of surgical specimen (resectate) determines 
the histological type of sarcoma, its degree of differentiation, T-stage and 
assess the removed lymph nodes, which are important for final pathologic 
staging and planning further treatment. 
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Treatment of bone sarcomas greatly depends on histological type and 
stage of the tumor. 


Management of osteosarcoma 


Before the last quarter of the past century, osteosarcoma was treated pri- 
marily with surgery, commonly through amputation. Although satisfactory 
Jong-term local control was achieved by surgery, about 80% of patients sub- 
sequently developed metastatic disease, which typically presented as pul- 
monary metastases. Therefore. use of adjuvant chemotherapy is crucial for 
the treatment of patients with osteosarcoma. The need for chemotherapy de- 
pends also on histological type of osteosarcoma. So low-grade central and 
parosteal osteosarcoma are malignancies with a lower metastatic potential, 
which are treated by surgery alone. 


Surgical management 

‘The goal of surgery is to safely remove the tumor and yet preserve as 
much function as possible, trying to obtain adequate surgical margins, as 
narrower margins are associated with an increased risk of local recurrence. 
‘Therefore, good margins are the first goal of surgery. 

Wide resection of the affected bone is the mainstay treatment of patients 
with bone sarcomas. Wide resection should provide microscopic tumor-free 
margins on all sides. For this purpose, removal of the entire involved com- 
partment (the entire bone, muscles) are usually not required. However, am- 
putation may be the treatment of choice in some circumstances. 

Most patients should be considered candidates for limb salvage. When 
limb-sparing surgery is possible, the following options can be applied: au- 
tologous bone graft; allograft; prosthesis; rotationplasty. 

Rejection does not occur with autologous bone grafts and the infection 
rate is low. With allografts, graft healing and infection can be problematic, 
particularly during chemotherapy. Rejection also may occur with allografts. 

Modular metallic prosthetic joint replacement is one of the mostly used 
postresection reconstruction method, However, this type of reconstruction is 
expensive and the longevity of such implants is a major concem in young 
children, 

Rotationplasty is especially appropriate for sarcomas of the distal femur 
or proximal tibia, particularly for large tumors, in which a high amputation 
is the only alternative. The rotation allows the ankle to become a functional 
knee joint, so the length of the resected leg should be adjusted to match the 
contralateral knee. Patients who are very young or sportive may benefit 
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greatly from this surgery from a functional standpoint, Moreover, this pro- 
cedure may also minimize the number of future surgeries needed. 

In cases of pathological fracture, internal fixation is contraindicated, as it 
disseminates tumor further into both bone and soft tissues and increases the 
risk of local recurrence. External splintage is recommended in such cases. In 
patients with weakened bone apparent at presentation, there may be a strong, 
case for immobilizing the part following biopsy, usually by application of 
an external splint 

Pathological fracture does not necessarily require amputation. In chemo- 
sensitive tumors, neoadjuvant chemotherapy can be used with the expecta 
tion that a good response will allow the fracture haematoma to contract and 
allow subsequent resection of the tumor and the involved soft tissues. In pa- 
tients with a poor response to chemotherapy or in tumors unlikely to re~ 
spond to chemotherapy, early surgery obtaining wide margins should be 
considered; in some cases, this may require amputation. 

Primary metastatic osteosarcoma patients are treated with a curative in- 
tent along the principles of non-metastatic osteosarcomas. In fact, there are 
subsets of patients who can have a very similar or even identical prognosis 
to that of localized disease, provided with surgical removal of all known 
metastatic foci. Approximately 25% of all patients with primary metastatic 
osteosarcoma and >40% of those who achieve a complete surgical remission 
become long-term survivors, 

‘The management of recurrent osteosarcoma needs to take into considera- 
tion the timing of recurrence/metastases, number of metastases, and site of 
metastases. The treatment of recurrent osteosarcoma is primarily surgical in 
the case of isolated lung metastases (see below). Complete removal of all 
metastases must be attempted, as the disease is otherwise almost universally 
fatal, while more than a third of patients with a second surgical remission 
survive for >5 years. Even patients with multiple recurrences may be cured 
as long as recurrences are resectable, and repeated thoracotomies are often 
warranted. 


Chemotherapy 


Chemotherapy is an important part of the treatment for most osteosar- 
coma cases, although patients with low-grade osteosarcomas (low-grade 
central osteosarcoma, parosteal osteosarcoma, and periosteal osteosarcoma) 
may not need it. Neoadjuvant chemotherapy is commonly carried out for 
about 10 weeks. Neoadjuvant chemotherapy can shrink the primary tumor, 
and thereby. facilitates subsequent surgical excision of the tumor. Moreover. 
its effect also can predict prognosis. So good histologic response to neoad- 
juvant chemotherapy demonstrates better prognosis compared to poor re- 
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sponse; nearly complete tumor necrosis (about 95%) following neoadjuvant 
chemotherapy is associated with 90% 5-year survival rate. The treatment is, 
then completed with adjuvant chemotherapy carried out for up to a year. 
Adjuvant chemotherapy is crucial for preventing development of metastasis, 
so up to 80% of the patients with osteosarcoma may have micrometastasis. 
On the whole, compared with surgery alone, multimodal treatment of high 
grade localized osteosarcoma increases disease-free survival probabilities 
from only 10%-20% to >60%, 

Various chemotherapy regimens are used for osteosarcoma: high-dose 
methotrexate/doxorubicin/cisplatin is more often used in children, adoles- 
cents, and young adults. Older patients (>40 years) may require tailored reg- 
imens, especially as far as high-dose methotrexate is concerned; doxorubi: 
cin/cisplatin combination is the most effective regimen, with the cumulative 
dose of anthracycline being a critical factor. In some cases, can also be used 
the following regimens: ifosfamide/etoposide: ifosfamide/cisplatin (car- 
boplatin)/epirubicin. 

‘On the Whole, there is no indi for radiation therapy in osteosar- 
coma, but there are anatomical locations in which the possibility of com- 
plete surgical resection is limited. In those cases, radiation therapy may be 
an option to try to extend the progression-free interval. New radiation thera- 
py techniques (e.g.. proton beam and carbon ion therapy) may extend indi- 
cations. 


Management of chondrosarcoma 


Surgery is the mainstay treatment modality for patients with chondrosar- 
coma. Complete, wide resection of the affected bone is the preferred method 
in feasible cases. Chondrosarcoma of the appendicular skeleton is more 
compliant to wide resection compared with those located in the axial skele- 
ton. So complete removal of most tumors in the axial skeleton is difficult. 
Long-term results of the surgery strongly depend on the achieving clear-cell 
margins. 

Grade 1 central chondrosarcomas in the long bones of the limbs can be 
managed by curettage with a high chance of success. Grade 1 tumors (atypi- 
cal chondrogenic tumors) are not necessarily curable in all cases, mainly due 
to problematic local recurrence or progression to high grade. 

Low-grade peripheral chondrosarcomas (arising from osteochondromas) 
should be surgically excised, aiming to excise the tumor with a covering of 
normal tissue over it. Higher-; 
mas of the pelvis or axial skeleton should be surgically excised with wide 
margins. 
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There is a very high risk of local recurrence following excision of dedif- 
ferentiated chondrosarcoma, particularly in the presence of a pathological 
fracture, If wide margins cannot be reliably achieved with limb salvage, 
then amputation should be considered. 

Chemotherapy and radiation therapy play limited roles in the primary 
treatment of chondrosarcoma, Chemotherapy may be used in cases of dedif- 
ferentiated chondrosarcoma because systemic metastasis may be 
diagnosis. Inoperable, locally advanced, and metastatic high-grade chondro- 
sarcomas have poor prognosis because of resistance to conventional treat- 
ments, such as radiotherapy and chemothera 

With regard to chemotherapy, drugs active in sarcomas may be active in 
chondrosarcoma as well, especially in high-grade tumors. Recent evidence 
suggests that mesenchymal chondrosarcoma may be chemotherapy sensi- 
tive, and may be considered for adjuvant or neoadjuvant therapy. ‘There re~ 
mains uncertainty about chemotherapy sensitivity of dedifferentiated chon- 
drosarcoma, which is often treated as a high-grade bone sarcoma, with ther- 
apies being needed to be adapted to patient’s age. 

As stated above, the role of radiotherapy in chondrosarcoma is limited, 
but may be appropriate in highly selected cases or for palliation. Excellent 
outcomes have been reported for skull base chondrosarcomas with high- 
dose radiation therapy, including proton beam or carbon ion radiotherapy, 
achieving 80-90% local control rates. One should be aware that grade 1 
chondrosarcomas may also be treated with radiation therapy when located at 
critical sites such as the skull base. 


Management of Ewing sarcoma 


Ewing sarcoma is currently treated in a multidisciplinary manner involv- 
ing chemotherapy, surgery, and radiotherapy. Adding chemotherapy to 
treatment protocols (particularly, after 1980s) for Ewing sarcoma has ab- 
ruptly improved the overall survival rate for patients with Ewing sarcoma, 
Current treatment of Ewing sarcoma employs 3-6 cycles of initial combina- 
tion chemotherapy after biopsy, followed by local therapy, and another 6-10 
cycles of chemotherapy usually applied at 2- to 3- week intervals. There- 
fore, treatment duration is 10-12 months. Agents considered most active in- 
clude doxorubicin, cyclophosphamide, ifosfamide, vineristine, dactinomy- 
cin, and etoposide. Almost all active protocols are based on six-drug combi- 
nations of these substances. 

‘Neoadjuvant chemotherapy can facilitate to reduction of the tumor vol- 
ume that increase the resectability rate, and eradication of the possible mi- 
crometastases at the time of diagnosis. According to data from studies, short 
administration interval (reducing chemotherapy interval from the standard 
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3-week therapy to 2 weeks) can improve outcomes for localized Ewing sar- 
coma, without increased to: ity is positively asso- 
ciated with outcome. High-dose chemotherapy with haematopoi 
cell transplantation is still investigational in high-risk localized Ewing sar- 
coma. 

Complete surgical excision (after neoadjuvant treatment), with provision 
of tumor-free surgical margins, where feasible, is regarded as the best mo- 
dality of local control, given the higher risk of local recurrence when radio- 
therapy is used as the sole treatment of the primary tumor. Intralesional (in 
complete) excision must be avoided, as there is no benefit when compared 
With radiation therapy alone. It should be noted that a poor histological re- 
sponse to neoadjuvant chemotherapy and incomplete or no surgery for local 
therapy are adverse prognostic factors. 

Radiation therapy is mainly used as an adjuvant treatment for reducing 
the risk of local relapse; and as a definitive radiotherapy to destroy the via- 
ble tumor completely. Adjuvant radiotherapy should be given in cases of 
inadequate surgical margins and discussed when histological response in the 
surgical specimen was poor (ie., >10% viable tumor cells). The dose of ad- 
juvant radiation therapy is 45-60 Gy, depending on margins, response, and 
location. For extraskeletal Ewing sarcoma, adjuvant radiotherapy is general- 
ly used, with the exception of superficial Ewing sarcoma, which is charac- 
terized by favorable prognosis. 

Definitive radiotherapy (radiotherapy alone) in the range of 45-60 Gy, 
depending on location, should be applied if complete surgical excision is 
impossible; this approach is mostly used in centrally located lesions, such as 
located in spinal column. Definitive radiotherapy is also used in patients not 
suitable for surgery. 

‘The treatment of adult patients follows the same principles as for Ewing 
sarcoma in typical age groups. However, tolerability of therapies in older 
patients needs to be taken into consideration when transferring, treatment 
protocols designed for children and patients of age <50 years. The treatment 
of patients with extraskeletal Ewing sarcoma follows the same principles as 
for bone Ewing sarcoma, thus incorporating chemotherapy in all c 
Well as adjuvant radiation therapy in most cases, with the possible exception 
of superficial lesions, as stated al 

Patients with metastases at diagnosis are treated with the same treatment 
approach as patients with localized disease, although the metastatic disease 
definitely has a worse prognosis, Several non-randomized trials have as- 
sessed the value of more intensive, or high-dose chemotherapy approaches, 
followed by autologous stem cell tansplantation, with promising results, but 
evidence of benefit is pending. In patients with lung metastases, whole-lung 
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irradiation may confer a survival benefit. The role of surgical resection of 
residual metastases is less well defined, Patients with multiple bone or bone 
‘marrow metastases and those with recurrent disease still fare poorly, with 5- 
year survival rates of 20%. Despite this, local control of bone metastases 
With either surgery or radiation therapy is recommended. 

i factor identified in relapsed pa- 
tients: patients relapsing later than 2 years from initial diagnosis have a bet- 
ter outcome, Doxorubicin therapy is usually no longer feasible due to previ 
ously achieved cumulative doses. Chemotherapy regimens in relapsed cases 
are not standardized and are commonly based on alkylating agents (cyclo- 
phosphamide and high-dose ifosfamide) in combination with topoisomerase 
inhibitors (etoposide and topotecan), or irinotecan/temozolomide or gem- 
citabine/docetasel, 


Management of lung metastasis 


Isolated pulmonary metastasis from osteosarcoma and chondrosarcoma 
can be cured with surgical resection, mostly with wedge resection; lobecto- 
my or pneumonectomy may rarely be required, Surgery for pulmonary me- 
tastasis should be executed at the time of the removal of primary tumor. For 
bilateral disease. bilateral toracotomies are recommended. 

Surgical resection alone can be curative for metachronous pulmonary 
‘metastasis recurring later than one year after the patient completed therapy; 
the likelihood of metastases to other sites is low in such cases. Chemothera- 
py is recommended if recurrence occurs earlier. 

Multiple lung metastases (synchronous or metachronous) should be treat- 
ed with chemotherapy in accordance with the histological type of osteosar- 
coma. 


PROGNOSIS 


‘The prognosis of osteosarcoma depends on histological type and stage of 
the tumor, age and sex of the patient, preoperative serum ALP and LDH 
level. Axial and proximal extremity tumors are charact by dismal 
prognosis, Osteosarcoma patients with elevated plasma level of ALP and 
LDH at the time of diagnosis have poorer prognosis. 5-year survival rate 
reaches 60-65% for patients aged <25 years: 55-65% for patients aged 25-59 
years; 20-27% for patients aged 260 years. Prognosis is better in women 
compared with men. 

‘The prognosis for chondrosarcoma is correlated with the grade, stage and 
location of the tumor, and age of the patients. S-year survival rate reaches 
90% for conventional chondrosarcoma, grade 1; 80% for grade 2 tumors; 
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30% for grade 3 tumors. Dedifferentiated chondrosarcoma is associated with 
1-year survival rate of 10%. Chondrosarcoma in children and adolescents 
have better prognosis compared with older patients, Chondrosarcomas of 
the head and neck are associated with better survival compared with chon- 
drosarcoma developed elsewhere, 

‘The survival of patients with Ewing sarcoma depends greatly on the stage 
of the disease; 5-year survival rate reaches 70% for patients with localized 
disease, and 25% for patients with metastatic disease. 

Multiple bone metastases confer a poorer outcome than lung metastases 
(<20% versus 20-40% 5-year survival) in patients with Ewing sarcoma. 
Other known prognostic factors are tumor size or volume, serum LDH I 
els, axial localization, or older age (>15 years). Molecular structure of fu- 
sion transcripts has not been shown to be of prognostic value with current 
treatment protocols. With surgery or radiotherapy alone, 5-year survival is 
<10%, With treatment according to current multimodality protocols, includ- 
ing chemotherapy, survival reaches 60-70% in localized and 20-40% in 
metastatic disease, depending on metastatic sites and burden. 


PREVENTION 


Only 1% of bone sarcomas are associated with lifestyle and other risk 
factors. In other words, theoretically only 1% of bone sarcoma cases are 
preventable, Although smoking cessation is important for maintaining 
health, there are no known lifestyle changes that could reduce the risk of 
developing bone sarcomas. Thus, to date no measures have been developed 
that can reduce the risk of developing bone sarcomas. Notwithstanding the 
foregoing, intensity-modulated radiation therapy, which focuses the effec- 
tive dose of radiation into many small portions (beams) at different angles, 
minimizes the effect of radiation on other anatomical structures and may 
reduce the risk of developing radiation-induced bone sarcomas. 


Screening for bone sarcoma 


Given the fact that bone sarcomas are rare tumors, no screening protocols 
are used for earlier detection of these tumors. 


Follow-up for bone sarcoma survivors 


Follow-up of the patients treated for bone sarcomas includes physical and 
imaging studies (radiography of the affected site, chest radiography) carried 
out every 3 months for the first two years. every 4 months for the third year, 
every 6 months for years 4 and 5, once a year thereafter. In general, vigor- 
ous surveillance requires 3-5 years following radical-intent treatment. 
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EPIDEMIOLOGY AND STATISTICS 


Hodgkin lymphoma (also called Hodgkin disease) accounts for 0.4% of 
all malignancies, 13.2% of all lymphomas according to GLOBOCAN, 2020. 
‘The incidence of Hodgkin lymphoma is 1-2 new cases per 100.000 popula- 
tion per year. One out of 370 men or 490 women are at risk of developing 
Hodgkin lymphoma during his/her lifetime. In 2020, 83.087 new cases of 
Hodgkin lymphoma were diagnoses worldwide. 

Hodgkin lymphoma demonstrates a bimodal peak incidence in relation to 
age; at age 15-40 years and older than 55 years, The first peak of incidence 
in underdeveloped countries is observed in adolescence, in developed coun- 
tries at age 25-30 years. Approximately half of cases of Hodgkin lymphoma 
are found in people aged over 45 years. The peak incidence in adult men is 
observed at age 75-79 years, in women before age 25 years. 

‘The incidence of Hodgkin lymphoma in the UK and the United States is 
higher in fair-skinned population compared with people of African and 
Asian descent. In the UK in 2014, the incidence rate increased by 31% (in 
men, by 28%; in women, by 35%) compared to the 1990s. In the last dec 
ade, the incidence rate in the UK has risen by about 21%. 

Most cases of Hodgkin lymphoma are detected at early stage, Mortality 
from Hodgkin lymphoma accounts for 0.2% of all cancer-related deaths. 
Although the incidence of Hodgkin lymphoma has risen by >20% in the 
past decade, mortality from the disease has remained stable. In 2020, 23.376 
cases of death from Hodgkin lymphoma were registered worldwide. 


ETIOLOGIC FACTORS 
Environmental factors 


Epstein-Barr virus (EBV) infection is considered one of the causes of 
Hodgkin lymphoma. People infected with infectious mononucleosis, an in- 
fection caused by EBV, are at an increased risk of developing Hodgkin 
lymphoma. Approximately 45% of eases of Hodgkin lymphoma are associ- 
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ated with EBV. Although these individuals are at higher risk than those 
Without a history of infectious mononucleosis, a very small proportion of 
patients with infectious mononucleosis eventually develop Hodgkin lym- 
phoma, It should be noted that in approximately 30% of patients with classi 

cal Hodgkin lymphoma, the signs of the EBV virus (RNA encoded by EBV) 
are detected in Reed-Stemberg cells. The weakest association with EBV is 
observed in nodular sclerosing Hodgkin lymphoma (in 15-20% of cases), 
Which is most often observed in adolescence and in familial Hodgkin lym- 
phomas, EBY is particularly commonly associated with the lymphocyte de- 
pleted and mixed-cellularity subtypes (95% and 75%, respectively). Lym- 
phocyte-rich classical Hodgkin lymphoma is never associated with EBV. 
Despite this, the exact role of the EBV in the development of Hodgkin lym- 
phoma is unclear so far. OF note, the prognosis of Hodgkin lymphoma is 
highly correlated with EBV infection. ‘The most favorable prognosis of this 
disease is observed in nodular sclerosing and Iymphocytes-rich subtypes, 
which, respectively, are less often or never associated with EBV infection, 
as stated above, 

HIV infection is considered one of the causes of Hodgkin lymphoma, Pa- 
tients infected with HIV have a 5 to 15 times higher risk of developing 
Hodgkin lymphoma compared to the general population. The average time 
from diagnosis of HIV infection to the detection of Hodgkin lymphoma is 7- 
8 years. It should he noted that HIV-associated Hodgkin lymphoma is al- 
most always associated with EBV, and the latter virus is found in one out of 
three patients with HIV-associated Hodgkin lymphoma, This argument indi: 
reetly supports the etiological role of EBV in the development of Hodgkin 
lymphoma in patients with HIV infection. It should be noted that in people 
infected with HIV, the risk is 3 times higher in people with AIDS, In other 
Words, the development of AIDS further increases the risk of developing 
Hodgkin lymphoma in individuals with HIV infection, HIV-associated 
Hodgkin lymphoma is characterized by a more advanced stage at first pre- 
sentation, extranodal involvement, and prominent "B" symptoms. It should 
be noted that in HIV-associated Hodgkin lymphoma, the mixed-cellularity 
and lymphocyte-depleted subtypes are most often observed, since the men- 
tioned subtypes of Hodgkin lymphoma are seen mainly in cases, in which 
the immune system is more intensely threatened. Patients with HIV infec~ 
tion who have received highly active antiretroviral therapy (HAART) and 
Who have a higher CD4 count may also have a nodular sclerosing subtype. 

‘The risk of developing Hodgkin lymphoma has increased even more since the use of 
HAART in patients infected with HIV. So according to one of the appropriate prospective 
studies, before antiretroviral therapy, the risk was about S-9 times higher in individuals 
infected with HIV, after the use of this therapy the risk became higher by 21-32 times, 
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Smoking is considered one of the risk factors for Hodgkin lymphoma. 
‘This factor increases the mentioned risk by 40-80%, The risk of developing 
Hodgkin lymphoma in people who quitted smoking 10 years ago is reduced 
to the same level in non-smokers, In people infected with EBV, smoking 
increases the risk of developing Hodgkin lymphoma much more than in 
people without this infection. The risk of developing Hodgkin lymphoma in 
childhood is not associated with maternal smoking during pregnancy. 


Precancerous diseases 


As stated above, infectious mononucleosis is associated with an increased 
(by 3-6 times) risk of developing Hodgkin lymphoma, Hodgkin lymphoma 
develops 3-4 years after diagnosis of infectious mononucleosis. 

AIDS increases the risk of Hodgkin lymphoma by 20-50 times. Hodgkin 
lymphoma in AIDS patients is found at an average age of 30 years. Approx 
imately 25% of cases of Hodgkin lymphoma that develop in people infected 
with HIV infection are associated with AIDS. 


Hereditary disorders 


Very small percentage of cases of Hodgkin lymphoma are associated 
with hereditary conditions. The following best-known hereditary disorders 
are associated with an increased risk of developing Hodgkin lymphoma: 

+ Wiskott-Aldrich syndrome, 

+ Nijmegen breakage syndrome, 

* Bloom syndrome, 

* Ataxia telangiectasia. 


i 


cott-Aldrich syndrome is a rare primary hereditary immune deficien- 
ey disorder (the type of inheritance is recessive, associated with the X 
chromosome), the prevalence of which is 1-10 eases per 1.000.000 popula- 
tion. The cause of Wiskott-Aldrich syndrome is the characteristic mutation 
in the WAS gene (Xp11.23), which removes adenine and cytosine at the 
73rd and 74th codons (AC73-74). This syndrome accounts for 3% of all 
primary immunodeficiency disorders. Wiskott-Aldrich syndrome is rarely 
seen in females, More than 300 mutations have been found in the appropri- 
ate gene, Depending on the nature of the mutation, different clinical pictures 
appear. Patients with this syndrome are prone to infections (in about 5% of 
cases) and the development of malignant diseases (in 10-25% of cases). 
Along with this, the mentioned patients have manifestation of eczema (in 
about 80% of cases), autoimmune disorders (in 40-70% of cases) and bleed- 
ing after the slightest injury due to microthrombocytopenia (in about 85% of 
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cases). In individuals with this syndrome, lymphomas are especially com- 
mon. It should be noted that non-Hodgkin lymphoma is observed approxi- 
mately 8 times more often than Hodgkin lymphoma. In other words, appro: 
imately 2% of patients with Wiskott-Aldrich syndrome develop Hodgkin 
lymphoma, The average life expectancy in individuals with this syndrome is 
8 (1-35) years. 


Nijmegen breakage syndrome (Seemanova syndrome II, Berlin damage 
syndrome) is a rare (about 150 cases described in literature) hereditary, au- 
tosomal recessive disorder that occurs due to homozygous mutation in the 
NBN gene (also known as NBS/ gene, 8q21.3), and is characterized by 
chromosomal instability and hypersensitivity to the effects of radiation, 90% 
of cases of germline mutations in the mentioned gene that lead to the devel 
opment of Nijmegen breakage syndrome are the 657de15 mutation, which is, 
most often observed in people of Slavie origin. 


Despite the fact that the Nijmegen breakage syndrome is observed in all regions of the 
high prevalence 


‘and Eastern Europe, especially often in the Czech Republic, Polund, Ukraine and the Rus- 
sian Federation, A heterozygous mutation (€.657_661del5, p.K2191X19) in the NBN 
‘gene, which is associated with this disorder is found in one out of 177 newboms in the 

‘mentioned countries. similar high frequency (1/176) ofthis mutation is also observed in 
northem Bavaria, which most likely indicates a high proportion ofthe population of Slav- 
ie origin inthis area, The syndrome got its name from the University of Nijmegen (Neth- 
elas), where researchers first (in 1981) discovered this disorder in a Dutch boy with 
characteristic clinical manifestations (his deceased brother also had the corresponding 
manifestations) 

Children with this syndrome are sacactaieas by congenital microceph- 
aly (Figure 28,1), distinctive facial features (elevation of the central part of 
the face with a sloping forehead and receding jaw), growth retardation (in 
the prenatal and postnatal periods), short stature, immune deficiency and a 
predisposition to the development of certain malignant tumors. Early ovari- 
an failure in girls and delayed speech development are very common in this 
syndrome. Minor skeletal anomalies include clinodactyly of the fifth toe and 
syndactyly of the second and third toes in 50% of cases. "Café-au-lait spots" 
and vitiligo are often found (in 50-70% of patients). Gray hair is observed in 
the second and third decades of the life of patients. Congenital anomalies 
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Figure 28.1, Facial phenotype in Nijmegen breakage syndrome: face (a) and profile (b) of 
1 female patient aged 3.5 years. The patient has microcephaly. sloping forehead, small 
nose, receding chin, and relatively large ears. Chrzanowska KH, Gregorek H, Dembow- 
ska-Bagifiska B et al. Nijmegen breakage syndrome (NBS). Orphanet J Rare Dis, 2012, 
7-13.31. Available under the CC BY 2.0 license. 


of the kidneys (hypoplasia/aplasia of the kidney, horseshoe kidney, ectopic 
kidney) are relatively common. Hypospadias. eryptorchidism, urethroanal 
and rectovaginal fistulas can often be found. Immune deficiency leads to the 
development of recurrent respiratory infections, which are often life- 
threatening. 

Nijmegen breakage syndrome shares some common features with ataxia telangiectasia, 
which is why it was also formerly called ataxia telangiectasia variant 1: chromosomal 
rearrangements in T cells, radiosensitivity, and immune deficiency (more severe in ataxia 
telangiectasia), Unlike ataxia telangiectasia, ataxia and telangiectasia are not observed in 


‘Nijmegen breakage syndrome; on the contrary, microcephaly and developmental delay 
tre observed, 


Congenital microcephaly is a hallmark of Nijmegen breakage syndrome and can be 
used as a signal eiterion for early recognition of this syndrome. 13% of cases of congeni- 
tal microcephaly are observed in children with Nijmegen breakage syndrome; 50% of 
cases of combination of microcephaly with chromosomal instability are attributable to 
this hereditary disorder 

40% of individuals with this syndrome develop various hematolymphoid 

(lymphoblastic leukemia, lymphoma), epithelial (breast carcinoma, colorec- 
tal carcinoma, prostate carcinoma), and mesenchymal (embryonic rhabdo- 
myosarcoma) malignancies by age 20 years. Patients with Nijmegen break- 
age syndrome often also develop lymphomas (Hodgkin and non-Hodgkin 
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lymphomas). Hodgkin lymphoma in 
this syndrome, like other malignant 
diseases, is mainly found before age 
20 years. Often embryonic thabdo- 
myosarcoma (perianal region) de- 
velop in individuals with this syn- 
drome. 

In persons with Nijmegen break- 
age syndrome, the risk of develop- 
ing malignant tumors is SO times 
higher, while the risk of developing 
lymphomas is higher by 250 times 
(Figure 28.2). ‘The risk is increased 
for both ‘T-cell and B-cell lympho- 
mas, but B-cell lymphomas are 
more common. Lymphoma in pa- 
tients with Nijmegen breakage syn- 
drome is found at age 1-34 years 
but more often at the age of up to 15 
years. Patients with this syndrome 
are difficult to tolerate radiotherapy 
and chemotherapy due to that the 
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Figure 28.2, TI weighted MRI with intrave- 
nous contrast administration demonstrates 
left cervical lymphadenopathy (arrows), 
Whole body MRI findings were consistent 
with Hodgkin lymphoma with nodal, hepat- 
ic and pulmonary involvement. US-guided 
biopsy of liver nodules was performed, 
‘which confirmed classical Hodgkin lym- 
phoma. Engel K, Rudelius M, Meine! FG et 
al. An adult patient with Nijmegen breakage 
syndrome and Hodgkin's lymphoma, BMC 
Hematology, 2014. 14: 2-6. Available under 


the CC BY 2.0 license. 


dose is reduced in the treatment of 
lymphoma, which is reflected in the effect of treatment. 

Although heterozygous mutations in this gene do not show any clinical 
signs, they are associated with an increased risk of developing certain ma- 
lignancies, including breast carcinoma, colon carcinoma, prostate carcino- 
ma, lymphoblastic leukemia, medulloblastoma, rhabdomyosarcoma. ‘The 
risk is especially higher for non-Hodgkin lymphoma (diffuse B-cell lym- 
phoma), 

Bloom syndrome is also associated with an increased risk of developing 
Hodgkin lymphoma in addition to various hematolymphoid, epithelial and 
mesenchymal malignancies (see page 167) 

Ataxia telangiectasia is also associated with an increased risk of Hodgkin 
lymphoma in addition to many other (hematolymphoid, melanocytic, epithe- 
lial) malignancies (see page 201). 


Conditions associating with an increased risk of Hodgkin lymphoma 


History of Hodgkin lymphoma in first-degree relatives (especially in sib- 
associated with an increased risk of this disease by 3-7 times. The 


650 


Bayramov RB Textbook of Oncology 


risk is especially greater (about 100-fold) if one of the twins has a history of 
non-sclerosing Hodgkin lymphoma, as this variant of Hodgkin lymphoma is 
considered one of the most inheritable tumors. There is irrefutable evidence 
that non-sclerosing Hodgkin lymphoma most likely develops as a result of 
atypical immune responses to certain stimuli or viruses in those who are 
prone to such responses, 

Approximately 4.5 of cases of Hodgkin lymphoma are familial. The 
association of Hodgkin lymphoma with family history is difficult to explain, 
It is not excluded that this is due to exposure to identical risk factors in the 
family, It should be noted that other family history of hematological malig- 
nancies is not associated with an increased risk of developing Hodgkin lym- 
phoma. 

A history of non-Hodgkin lymphomas is associated with a 7-fold in- 
creased risk of developing Hodgkin lymphoma. The association of Hodgkin 
lymphoma with a history of childhood malignant tumors has not been con- 
firmed. 

Individuals with a family history of sarcomas are approximately 15 times 
more likely to develop Hodgkin lymphoma. This association is explained by 
common (environmental) carcinogenic factors for these tumors and here 
tary disorders, the oncological spectrum of which includes both sarcomas 
and Hodgkin lymphoma. 

Patients with Hodgkin lymphoma frequently have disorders of cellular 
immunity, Which are reflected in clinical manifestations and laboratory tests. 
Despite this, there is no consensus that in those patients the immune disor- 
der is primary or secondary to the disease itself. 

‘The risk of developing lymphoma in solid organ transplant recipients is 
2-4 times higher compared to the general population within 4-10 years after 
transplantation. This is likely because receiving immunosuppressive therapy 
in recipients increases the risk of EBV infection, which plays a major role in 
the development of Hodgkin lymphoma as stated above. There is evidence 
that approximately 80% of recipients with Hodgkin lymphoma were sero- 
positive for EBV, who were seronegative before transplantation, 

Hodgkin lymphoma in solid organ recipients is characterized by detection of it at an 
older age compared to cases of Hodgkin lymphoma registered in the SEER database 
(mean age, 51 years versus 38 years, respectively), by men preponderance (73% versus 
54% respectively) and higher rate of extranodal disease 42% versus 3%, respectively), 

A history of an autoimmune condition is associated with an increased risk 
of developing Hodgkin lymphoma: systemic lupus erythematosus, by 3-8 
times; Sjogren's syndrome, by 4-S times: sarcoidosis, by 5-10 times: psoria- 
sis, by 2 times; rheumatoid arthritis, by 3 times, etc. Autoimmune conditions 
are exclusively associated with classical Hodgkin lymphoma, 
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Overweight individuals have a 40-80% higher risk of developing Hodg- 
kin lymphoma compared to the general population. 

Tall individuals have a slightly higher risk of developing Hodgkin lym- 
phoma: 22% higher in men taller than >180 cm compared to men with a 
height of 170-179 cm; 53% higher in women taller than >170 cm compared 
to women with a height of 160 -169 em, 

‘The incidence of Hodgkin lymphoma is significantly higher in the United 
States, Canada, and Europe than in Africa and Asia. Despite this, in West- 
em countries, race does not affect the risk of this disease. 

‘The risk of developing Hodgkin lymphoma is higher in people from af: 
fluent families for unknown reasons 


LYMPHOMAGENESIS 


‘There is evidence that non-sclerosing Hodgkin lymphoma may result 
from an atypical immune response to a virus or other triggering agents in 
individuals with a genetic predisposition to such a response. It is considered 
that EBV plays a major role in the rescue of crippled germinal center B cells 
from apoptosis and hence, is a main player in early steps of pathogenesis of 
EBV-positive classical Hodgkin lymphoma cases. Recent studies have iden- 
tified germinal center B-cells to be the cellular origin of Hodgkin and Reed- 
Stemberg (HRS) cells, which account for only 1% of the lymphoma tissue 
in most cases. HRS cells actively organize their complex microenvironment 
and attract many distinct subsets of immune cells (B-cells, T-cells, mast 
cells, macrophages, eosinophils, neutrophils, and plasma cells) into the af= 
fected tissues, to support their survival and proliferation, and to create an 
immunosuppressive environment. 

Non-sclerosing Hodgkin lymphoma is considered one of the most herita- 
ble types of malignancy as stated above. For decades, specific human leuko- 
cyte antigen (HLA) class II genotypes, including HLA-DRBI and HLA- 
DQBI, have been known to be associated with non-sclerosing Hodgkin 
lymphoma, According to data, several single-nucleotide polymorphisms in 
6p21.32 region, which is rich in genes associated with immune function, are 
also associated with non-sclerosing Hodgkin lymphoma risk. 


PATHOMORPHOLOGY 


Hodgkin lymphoma is a heterogenous group of malignant lymphoid ne- 
oplasms of B-cell origin, mostly involving the lymph nodes. Primary 
tranodal Hodgkin lymphoma is very rare form of this disease, accounting 
for only 1% of all cases. Involvement of extranodal organs are usually sec- 
ondary, with spleen, liver, lungs, bones and bone marrow mostly affected. 
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Although Hodgkin lymphoma can arise in any lymph nodes, most often it 
involves the lymph nodes above the diaphragm, with mediastinal, cervical 
and axillary lymph nodes more frequently involved. 

WHO classifies Hodgkin lymphoma into the following 2 main types: 
classical Hodgkin lymphoma and nodular lymphocyte-predominant Hodgkin 
lymphoma (NLPHL). 

Classical Hodgkin lymphoma constitutes up to 95% of cases and further 
are subdivided into the following 4 subtypes: nodular sclerosing (60-80%), 
mixed-cellularity (15-30%), lymphocyte-rich (5-6%), and lymphocyte- 
depleted (1-5). 

All types of classical Hodgkin lymphoma contain HRS cells, which are a 
distinct type of B-lymphocyte. HRS cells constitutes about 1% of the tumor 
mass in Hodgkin lymphoma. Most Reed-Stemberg cells are of B-cell origin, 
rarely (1-2% in the classical type of Hodgkin lymphoma) are of T-cell 
origin. The following variants of HRS cells are also observed: lacunar cells, 
pleomorphic cells, lymphohistiocytic ("popcom") cells, mummified cells 
(Figure 28.3), 

Nodular sclerosing Hodgkin lymphoma is more common in adolescents 
and young adults, and is rarely associated with EBV infection, having a fa- 
vorable prognosis. The capsule of the lymph nodes is significantly thick- 
ened, and in the nodal tissue, rings and ares of fibrous tissue are found, 
which divide the nodes into nodules. More frequently the mediastinal and 
other supradiaphragmatic lymph nodes are affected, 

In mixed-cellularity Hodgkin lymphoma, the lymphoid tissue in the 
lymph node is partially or completely replaced by an infiltrate, in which 
HRS cells are located among small lymphocytes, plasma cells, histiocytes, 


Figure 283. Hematoxylin and eosin sections showing Reed Stenberg cell, Hodghn cell 
Incunar cell and "popcom' cell (arrow). With permission: Nagpal B, Hegde U, Archana S 
et al. Hodgkin's lymphoma: a comprehensive review for oral health care practitioners. Int 
J Health Science Res. 2016. 6: 335-343. 


Bayramov RB ‘Textbook of Oncology 


fibroblasts, eosinophilic and neutrophilic granulocytes. This type is more 
commonly associated with HIV and EBV infections, affects the abdominal 
lymph nodes and spleen, and exhibits systemic symptoms. The prognosis is 
less favorable compared with that in nodular sclerosing Hodgkin lymphoma, 
but more favorable than in lymphocyte-depleted subtype of the disease. 

Lymphocyte-rich classical Hodgkin lymphoma is characterized by HRS 
cells located among small lymphocytes; granulocytes and histiocytes are 
rare or absent. "B symptoms " are rare (10°). The prognosis is favorable. 

Lymphocyte-depleted Hodgkin lymphoma is characterized by a reduced 
number of cellular elements, especially lymphocytes. HRS cells are also ra- 
re, There is intense fibrosis in a diffuse or reticular pattern. It is more com- 
monly associated with HIV and EBV infections and is seen in adults. This, 
type is characterized by a less favorable prognosis than other types. 

Nodular Iymphocyte-predominant Hodgkin lymphoma (non-classical 
Hodgkin lymphoma) contains very few HRS cells, but has other characteris- 
tic cells. so-called “popcom” cells, which are a special variant of HRS cells 
and are lymphocyte predominant (LP) cells (previously known as lympho- 
histiocytic cells) with a multilobular nucleus. This type of lymphoma is 
rarely seen in women and young people. and progresses more slowly. 


Staging of Hodgkin lymphoma 
Staging of Hodgkin lymphoma is detailed on page 695. 


CLINICAL PRESENTATION 


Symptoms and signs of Hodgkin lymphoma : 
(painless) enlargement of peripheral lymph nodes (cervical, axillary and/or 
inguinal), constitutional symptoms, which are present in 40% of patients 
and known as "B symptoms” (unexplained weight loss within the past 6 
months, unexplained fever >38° C, drenching night sweats). In about 35% of 
patients, intermittent fever is observed. Sometimes, the classic Pel-Ebstein 
fever may be observed, which is characterized by high fever for 1-2 weeks, 
followed by an afebrile period of 1-2 weeks. Pruritus may also be present. 
Chest pain, cough, shortness of breath may be present in patients with a 
bulky mediastinal lymph nodes or lung involvement. Abdominal or back 
pain, vomiting, jaundice may be present in patients with bulky upper ab- 
dominal lymph nodes. Symptoms of CNS may develop due to parane- 
oplastic syndromes, including cerebellar degeneration, neuropathy, Guillian- 
Barre syndrome (acute inflammatory polyradiculoneuropathy). Pain at sites 
of nodal disease after drinking alcohol occurs in about 10% of patients, but 
is specific for Hodgkin lymphoma. 
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DIAGNOSTICS 


Clinical examination (history taking, inspection, palpation, auscultation) 
can provide valuable information for diagnosis in ps with Hodgkin 
lymphoma, A family history of Hodgkin lymphoma may be helpful. So non- 

sing Hodgkin lymphoma is often associated with a family history of 
disease. History of previous non-Hodgkin lymphoma or sarcoma may 
also give a clue to the diagnosis. In patients with massive mediastinal lym- 
phadenopathy, superior vena cava syndrome may be observed, On inspec: 
tion and palpation, painless bulky mass consisting of enlarged peripheral 
lymph nodes may be seen and palpated: in the cervical area (60-80%); in the 
axillary region (10-20%), in the inguinal area (53-15%). The Waldeyer ring 
or occipital (lower rear of the head) and epitrochlear (inside the upper arm 
near the elbow) areas are involved infrequently. Splenomegaly and hepato- 
megaly may be observed on palpation 

Imaging studies are important for staging of the disease and assessing 
bulky disease, which is defined as any nodal mass >10 em (>5 cm according 
to data from some studies) and a mediastinal mass greater than one third of 
the diameter of the thorax. For this purpose, plain chest radiography, CT and 
PET scans are commonly used (Figure 28.4). 

Historically, posteroanterior and lateral chest X-ray examinations have 
been used as a gold standard to evaluate mediastinal mass in relationship to 
diameter of the thorax. Recently, chest X-ray examination has been largely 
replaced by thoracic CT scan, The radiographic signs of Hodgkin disease 
include enlarged lymph nodes, hepatomegaly and/or splenomegaly (with or 
without parenchymal lesions), pulmonary nodules or infiltrates, and pleural 


Figure 28.3, Imaging findings in 8 42-year-old Ly patient with ao oer A- 
chest X-ray examination showing bilateral hilar lymphadenopathy, B — thoracic CT’ scan 
(mediastinal window) showing enlarged right paratracheal Iymph node 18 mm in short 
‘exis Almsareer AF, Alkhathlan AZ, AlGhamdi DA, Alokla K. Diagnosis of Hodgkin's 
lymphoma using endobronchial ultrasound-guided transbronchial needle, Case Rep Medi- 
ine, 2021, Article ID 8910843. Available under the CC BY 4.0 license. 
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effusions, which can be visualized on CT scan with high sensitivity, It 
should be noted that a mediastinal mass, representing enlarged mediastinal 
lymph nodes, is very common finding in classical Hodgkin lymphoma, but 
itis uncommon in NLPHL. 

PET scan is now considered necessary for assessing the initial stage of 
Hodgkin disease. Moreover, PET scan has ability to distinguish viable tu- 
mor tissue from necrosis or fibrosis in residual masses that are often found 
in patients following treatment who have no other clinical or biochemical 
evidence of disease. 

A histological confirmation of Hodgkin lymphoma is always required, 
An excision of lymph node is the recommended biopsy technique because 
the lymph node architecture is important for histologic classification. In pa- 
tients presenting with neck lymphadenopathy suspicious of lymphatic me- 
tastasis from head and neck carcinoma, a FNAB is usually recommended as 
the initial diagnostic step, followed by excisional biopsy if SCC is ruled out, 

In classical Hodgkin lymphoma, the presence of HRS cells is disease- 
defining, whereas the detection of LP cells is required for the diagnosis of 
non-classical Hodgkin lymphoma (NLPHL). The immunophenotype of the 
malignant cells in classical and non-classical Hodgkin lymphomas differs, 
significantly. In contrast to HRS cells that stain consistently positive for 
CDI5 and CD30, occasionally positive for CD20 and negative for CD45, 
LP cells are characterized by the expression of CD20 and CD45 but lack 
CDIS and CD30. 

Bone marrow biopsies are not routinely recommended in patients with 
Hodgkin lymphoma due to the low incidence of bone marrow involvement. 
Bone marrow involvement is more frequent in elderly patients and in those 
with advanced-stage disease, systemic symptoms, or a high-risk histology. 
Given the high sensitivity of PET-CT for bone marrow involvement, a bone 
marrow biopsy is no longer indicated in patients undergoing PET-CT evalu- 
ation. However, bone marrow biopsy must be carried out if PET-CT is not 
available, 

Pleural effusion may be an exudate or transudate, or may 
Therefore, sampling of a pleural effusion and cytological exami 
be useful for staging of Hodgkin lymphoma. 

CNS involvement of Hodgkin lymphoma is exceedingly rare, but in pa- 
tients with symptoms or signs of CNS involvement, evaluation of CNS by 
lumbar puncture or MRI is essential. 

It should be noted that formerly, staging laparotomy or laparoscopy were 
the standard for assessing the extent of Hodgkin lymphoma, but with the 
modem imaging modalities these procedures are no longer needed. 

‘The findings observed in complete blood count and blood biochemistry 
studies are not specific for Hodgkin lymphoma and. may be associated with 
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extent of the disease, So serum LDH may correlate with the bulk of the dis: 
ease and increased level of ALP may be indicative of liver or bone involve- 
ment. Elevated erythrocyte sedimentation rate (ESR), a general marker of 
inflammation, is associated with worse prognosis, although it is a nonspecit- 
ic test for Hodgkin lymphoma, Thus, some of these findings may be used as 
indirect prognostic factors. Anemia associated with Hodgkin disease is most 
commonly the anemia of chronic disease. Rarely, it may result from bone 
marrow involvement or warm autoimmune hemolytic anemia (WAHA). 

‘A test for HIV infection is important in patients with Hodgkin lymphoma 
because antiretroviral therapies can improve outcomes in HIV-positive pa- 
tients. 

Once Hodgkin lymphoma is diagnosed, pretreatment evaluation includes 
complete blood count, comprehensive metabolic panel, and ECG, which 
assist in determining optimal therapy. 


TREATMENT 


Hodgkin lymphoma is considered to be a curable malignancy with a cure 
rate of 75-80%, The treatment modalities include radiation therapy, indue~ 
tion chemotherapy, salvage chemotherapy, and hematopoietic stem cell 
transplantation. Treatment of Hodgkin lymphoma depends on histological 
type, disease stage and absence or presence of criteria of resistant disease 

Most clinicians divide classical Hodgkin lymphoma into the following 
three clinical groups: early-stage favorable disease: early-stage unfavorable 
disease; advanced-stage disease. The criteria of favorable disease are de- 
fined differently by different expert groups and may include the followings: 
age younger than SO years; no more than three sites of involvement: no 
bulky mediastinal disease; no extranodal involvement; ESR <S0 mnvh; no 
“B symptoms" or "B symptoms” with an ESR <30 mnvh. 

‘The goal of the treatment of Hodgkin lymphoma is to obtain complete re- 
sponse, which is defined by disappearance of all evidence of disease as- 
sessed by physical examination and imaging studies, and sometimes by 
bone marrow biopsy. Although in some cases partial response (250% re~ 
gression), stable disease or progressive disease may be observed after treat- 
ment, there are effective salvage regimens available that can yield long-term 
survival and cure. 

‘The response to treatment is assessed in various ways, including physical 
examination and laboratory studies prior to each cycle of therapy. Mid- 
treatment CT scan or preferably. PET-CT scan is recommended to assess the 
response to treatment and to adjust therapy if needed. Guidelines recom- 
mend obtaining PET scan 8-12 weeks after completion of therapy: any posi- 
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tive result should be assessed by histological examination of biopsy samples 
obtained. 


Chemotheray 


‘The following induction chemotherapy regimens are used as initial 
treatment for classical Hodgkin lymphoma: MOPP  (mechlorethamine 
/vineristine’procarbazine/prednisone, every 28 days for six or more cycles); 
ABYD (doxorubicin/bleomycin/vinblastine/dacarbazine, every 28 days for 
six or more cycles); A+AVD (brentuximab vedotin/doxorubicin vinblastine! 
dacarb; every 28 days for six cycles); Stanford V (doxorubi- 
cin/vinblastine/mustard bleomycin vineristine/etoposide/prednisone, 12 
weeks followed by radiation therapy); BEACOPP (bleomycin 
‘etoposide’ doxorubicin cyclophosphamide /vincristine/procarbazine/predni- 
sone, every 3 weeks for eight cycles), 

‘The MOPP regimen was the first effective chemotherapy used for Hodg- 
kin lymphoma, but it is rarely used in current clinical practice due to its less 
effectiveness and more toxicity compared with modem regimens. ‘The 
ABVD regimen is the standard treatment of classical lymphoma, particular- 
ly in the United States. Stanford V regimen is a multidrug regimen with ra- 
diation therapy included as part of standard therapy. The BEACOPP regi- 
men may be useful for unfavorable, advanced-stage Hodgkin lymphoma, 
but is associated with greater hematologic toxicity and a higher incidence of 
secondary malignancies, including acute myeloid leukemia (AML). 

In cases of induction chemotherapy failure or relapse, salvage chemo- 
therapy is used. Commonly used regimens of salvage chemotherapy include 
the followings: ICE (ifosfamide/carboplatin/etoposide); DHAP (cispla- 
tin/cytarabine/prednisone), ESHAP (etoposide/methylprednisone/ cytara- 
bine/cisplatin). 

High-dose chemotherapy (HDC'T), which is used at doses that destroys 
bone marrow, with reinfusion of patient's previously collected stem cells 
(autologous transplantation) or infusion of stem cells from donor source (al- 
Jogenic transplantation) can be used for refractory or relapsed Hodgkin lym- 
phoma, HDCT is given according to the BEAM regimen that includes the 
following chemotherapeutic agents: carmustine (300 mg/m? day ~7), etopo- 
side (150 mg/m’, every 12 hours, day -7 to —4), cytarabine (200 mg/m’, 
every 12 hours, day ~7 to -4), melphalan (140 mg/m’, day ~3), autologous 
stem cell transplantation (ASCT) on day 0. Brentuximab vedotin (a CD30- 
directed antibody drug conjugate) is used as a consolidation therapy follow- 
ing ASCT in patients with classical Hodgkin lymphoma who are at high risk 
of relapse or progression, 
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Treatment of early-stage favorable disease 

Early-stage favorable Hodgkin lymphoma is treated with combined 
chemotherapy with radiation therapy. Chemotherapy followed by radiation 
therapy is superior to radiotherapy alone in terms of survival, Two or three 
cycles of ABVD followed by conventionally fractionated radiotherapy rep- 
resent the standard of care for limited-stage Hodgkin lymphoma. The le 
toxic approach consisting of two cycles of ABVD followed by 20 G: 
(involved-field radiation therapy) appears to be sufficient for limite 
Hodgkin lymphoma (see below). The current radiotherapy guidelines 
ommend ISRT (involved H ; 
ited stages. Although ISRT has not been randomly compared with IF1 
prospective study, there is accumulating evidence of excellent disease con- 
trol with these smaller radiotherapy fields. 

A patient group that can be safely treated with chemotherapy alone could 
not yet be defined, However. this approach may be offered to individual pa- 
tients when the late risk of delivering radiation therapy is thought to out- 
weigh the short-term benefit of improved disease control. 


Treatment of early-stage unfavorable disease 

Early-stage Hodgkin lymphoma with unfavorable factors (see above) is 
treated differently than early-stage favorable disease. In those cases, 4-6 cy- 
cles of chemotherapy are used followed by ISRT. The preferred chemother- 
apy regimen is ABVD, although other regimens (Stanford V, BEACOPP) 
are also used. Due to the bleomycin-induced toxicity observed in older indi- 
viduals receiving more than two cycles of ABVD, bleomycin should be 
discontinued after the second chemotherapy cycle in patients aged >60 
years, 

Patients with early-stage unfavorable Hodgkin lymphoma without bulky 
mediastinal disease is treated differently than those with bulky mediastinal 
disease, Early-stage unfavorable Hodgkin lymphoma without bulky medias- 
tinal disease is treated with Stanford V regimen (or escalated BEACOPP 
regimen) for 2 cycles followed by ABVD regimen for 2 cycles followed by 
ISRT, Early-stage unfavorable Hodgkin lymphoma with bulky mediastinal 
disease is treated ABVD for 4 cycles followed by ISRT; or Stanford V reg- 
imen for 3 cycles followed by ISRT; or escalated BEACOPP regimen for 2 
cycles followed by ABVD for 2 cycles followed by ISRT. 


Treatment of advanced-stage disease 


Advanced-stage Hodgkin lymphoma is defined as stage III or IV disease. 
Chemotherapy is the mainstay of the management of advanced-stage Hodg- 
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kin Lymphoma, with radiation therapy reserved for initial bulky sites or re- 

sidual activity determined on PET scans. 

‘The most commonly used regimen is ABVD. The chemotherapy is ad- 
ministered every 2 weeks, with one cycle consisting of two administrations. 
‘This regimen is most commonly given for up to six cycles (12 administra- 
tions), although, occasionally, eight cycles (16 administrations) are used. 
The doses should be given as planned; afebrile neutropenia is not a reason to 
withhold the therapy, 

Patients aged <60 years are treated with either ABVD (six cycles) or 
BEACOPP escalated (four to six cycles). When ABVD is applied, bleomy- 
cin should be omitted in cycles 3-6 in the case of a negative interim PET 
performed after two cycles of chemotherapy, and use of AVD (doxorubi- 
cin/vinblastine/dacarbazine) should be considered, especially in elderly pa- 
tients and those at an increased risk for lung toxicity 

An alternative regimen, escalated BEACOPP, is recommended for pax 
tients with a poor prognosis, as indicated by an Intemational Prognostic 
Score (IPS) of 4 or higher. Usually, four cycles of escalated BEACOPP are 
administered, with slow responders receiv s 
lated BEACOPP has complete response rates of up to 95%, but whether this 
is superior to ABVD therapy is not known. 

Beyond chemotherapy. there is even more controversy regarding the role 
of radiation in the management of advanced-stage Hodgkin lymphoma. The 
majority of data suggest that radiation therapy improves progression-free 
survival, but without improving overall survival 

On the whole, the following guidelines may be helpful when treating pa- 
tients with advaneed-stage Hodgkin lymphoma: 

* advanced stage without bulky disease; ABVD for six (sometimes eight) 
cycles, no routine radiation therapy. Acceptable altematives would be 
BEACOPP or Stanford V 

* advanced-stage bulky disease; ABVD for six cycles with involved-field 
radiation therapy (IFRT) to initial sites of bulky disease (30-36 Gy). Ac- 
ceptable alternatives would be BEACOPP or Stanford V. 

Patients with advanced stage Hodgkin lymphoma associated with HIV- 
infection should also receive simultaneous HAART, which includes three 
drugs: two nucleoside reverse transcriptase inhibitors combined with a pro- 
tease inhibitor (a non-nucleoside reverse transcriptase inhibitor), or a viral 
fusion inhibitor. 


Treatment of nodular lymphocyte-predominant Hodgkin lymphoma 


NLPHL is treated differently than classic Hodgkin lymphoma. Early- 
stage NLPHL can be treated with local excision, or involved-field radiation 
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therapy (IFRT), or close observation (expectant management). ISRT at 30 
Gy alone is the standard treatment for stage IA NLPHL patients presenting 
without clinical risk factors. Although data from prospective studies are on- 
ly available for IFRT, some current guidelines recommend the use of ISRT. 

Usually, NLPHL is treated identically to classical Hodgkin lymphoma in 
all patients except for those with stage IA disease. The malignant LP cells of 
NLPHL cons tly express CD20; therefore, the addition of an anti-CD20 
antibody (rituximab) may improve treatment efficacy, but prospective data 
addressing this issue are pending, Advanced-stage NLPHL may demonstrate 
histologic transformation to T-cell rich B-cell lymphoma or diffuse large B- 
cell lymphoma (DLBCL), both of which should be treated with a typical 
regimen used for non-Hodgkin lymphomas; R-CHOP  (rituximab/ 
‘cyclophosphamide’ doxorubicin vincristine prednisone). 


Treatment of relapsed classical Hodgkin lymphoma 

For most patients with refractory or relapsed Hodgkin lymphoma, the 
treatment of choice consists of HDCT followed by ASCT. Consolidating 
treatment with brentuximab vedotin following HDCT and ASCT was shown 
to improve the tumor control in patients presenting with at least one of the 
following risk factors: primary disease progression, early disease recurrence 
<12 months after the end of first-line treatment and extranodal disease at the 
time of relapse. 

Achieving a negative PET result should be the goal of salvage therapy, 
irrespective of the applied protocol, because a complete metabolic response 
before HDCT and ASCT was shown to be associated with an improved clin- 
ical outcome. 

Salvage regimens such as DHAP (dexamethasone/high-dose cytara- 
bine/cisplatin), IGEV  (ifosfamide/gemeitabine’vinorelbine) or ICE 
(ifosfamide/carboplatin/etoposide) are given to reduce the tumor burden and 
mobilize stem cells before HDCT and ASCT. In some patients, single-agent 
brentuximab vedotin results in a negative PET result and may therefore be 
sufficient as salvage therapy before HDCT and ASCT. Radiotherapy may be 
discussed in patients with single PET-positive lymph nodes after salvage 
therapy. 

Antibodies targeting the PD-1 (programmed cell death protein 1) repre- 
sent another novel treatment option for patients with multiple relapses 
ly-phase studies evaluating anti-PD-1 antibodies have shown high response 
rates and durable remissions in a significant proportion of patients with dis- 
ease recurrence after HDCT followed by ASCT and brentuximab vedotin 
therapy. On the basis of these results, the anti-PD-1 antibodies nivolumab 
and pembrolizumab were approved by the FDA and the EMA for the treat- 


661 


Bayramov RB ‘Textbook of Oncology 


‘ment of such patients. In patients with multiple relapses who have no other 
treatment options, sati f life and prolonged survival can be 
achieved with gemeitabine-based palliative chemotherapy and/or regional 
radiotherapy. 


Treatment of relapsed nodular lymphocyte-predominant Hodgkin 
Iymphoma 


Even more importantly than in classical Hodgkin lymphoma, a renewed 
biopsy should be obtained in patients with suspected NLPHL relapse before 
salvage therapy is initiated because transformation into aggressive non- 
Hodgkin lymphoma (T-cell rich B-cell lymphoma or DLBCL) must be ex 
cluded. According to newer analyses, transformation rates appear to be 
higher than previously reported. Localized NLPHL relapses can be effec- 
tively treated with anti-CD20 antibodies such as rituximab or ofatumumab 
given as a single agent, 

Patients with more disseminated disease at relapse and additional poor- 
risk features may require more aggressive salvage chemotherapy, possibly 
combined with an anti-CD20 antibody. However. salvage therapy should be 
chosen individually and be based on factors such as time to relapse, extent 
of disease at relapse and prior treatment. Given the lack of CD30 on the ma- 
lignant LP cells in NLPHL, brentuximab vedotin does not represent a treat- 
‘ment option in this entity. 


Radiation therapy 


For treatment of patients with Hodgkin lymphoma, radiation therapy is 
often combined with chemotherapy. Despite the fact that the role of radia- 
tion therapy is becoming controversial in the treatment of Hodgkin lym- 
phoma, it is often used in many patients. The radiation fields used in the 
treatment of Hodgkin lymphoma have developed to maximize response 
while minimizing the side effects and complications. ‘The following radia- 
tion fields are commonly used: 
= Extended-field radiation therapy (EFRT): radiation field encompasses not 
ally involved lymph nodes, but also the adjacent, clinically un- 


red nodes; this is also called mantle-field or inverted-Y field radia- 
tion therapy: 
* Involved-field radiation therapy (IFRT): radiation involves all of the elin- 


* Involved-site radiation therapy (ISRT): radiation targets pre- and post- 
chemotherapy involved lymph nodes plus a 1.5 cm margin of healthy 
sue; 
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* Involved-node radiation therapy (INRT): targets pre- and postchemother- 
apy involved lymph nodes plus a 1.0 cm margin of healthy tissue. 

ISRT is increasingly replacing IFRT in the treatment of Hodgkin lym- 
phoma, The standard radiation therapy is 30-40 Gy (once a day, 1.8-2.0 Gy, 
5 times/week) with the option of a 6 Gy boost to sites of concer, 

‘Therapies for Hodgkin disease have significant long-term toxi 
spite high rate of cure after treatment. Long-term toxiciti 
age and treatment regimen. In general, the ol 
cem for long-term toxicities. Long-term to 
(increased risk of myelodysplasia and acute leukemia), pulmonary (in- 
creased risk of pulmonary fibrosis and lung cancer), cardiac (increased risk 
of congestive heart failure and coronary artery disease). infectious (due to 
long-term immunodeficiency from treatment), oncologic (increased risk of 
breast carcinoma and sarcomas from radiation therapy), neurologic (chemo- 
therapy-induced neuropathy, muscular atrophy) complications. 


PROGNOSIS 


Prognosis for Hodgkin lymphoma is largely dependent on the stage of the 
disease. 5-year survival rate reaches up to 90-95% for stage I-II disease; 80- 
85% for stage III disease; 70-75% for stage IV disease. 

Prognosis for Hodgkin lymphoma also depends on many other factors 
that are included in the IPS to predict prognosis: male sex: age of 245 years; 
hemoglobin <10.5 g/dl; white blood cells >15.000/mm’; absolute Iympho- 
cyte count <600/mm* or <8% of the white blood cells, or both; total serum 
albumin <4 gidl; stage IV disease (according to Ann Arbor classification), 
Each of variables (factors) is assigned 1 point and the total number of points 
is used to determine the risk: each addition point is associated with a 7-10% 
decrease in 5-year survival rate with 84% survival rate for 0 point, 


PREVENTION 


Although about 45% of cases of Hodgkin lymphoma are associated with 
and other environmental factors, there are no measures that could 
significantly reduce the risk of developing this disease. Despite this, avoid- 
ing smoking and following measures that can prevent EBV and HIV infee- 
tions can significantly reduce this risk. 


Screening for Hodgkin lymphoma 


‘There are no widely recommended screening tests for Hodgkin lympho- 
ma because no screening tests have been demonstrated to reduce the risk of 
death from this malignancy. 
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Follow-up for Hodgkin lymphoma survivors 


Given the fact that most cases of relapse occur in the first 3 years and 
progression of the disease is the main cause of death of patients with Hodg- 
kin lymphoma within the first 10-15 years after treatment, the patients treat- 
ed for Hodgkin lymphoma should be followed up closely. Follow-up visits 
are recommended every 2-4 months for the first 1-2 years and every 3-6 
months for the next 3-5 years, Follow-up examinations include the follow- 
ings: physical examination; complete blood cell count; comprehensive met- 
abolic panel, including ESR, serum LDH, glucose and lipid levels; serum 
‘TSH level (at least annually if the patient has had received neck radiation 
therapy); chest radiography or thoracic CT (every 6-12 months it 
5 years); abdominal and pelvic CT scans (every 6-12 months in the firs 
years, particularly in the patients with initial infradiaphragmatic involve- 
ment). 

After 5 years, in conjunction with physical and laboratory examinations, 
guidelines recommend annual low-dose thoracic CT scan may be considered 
in patients with increased risk for lung carcinoma and annual mammogra- 
phy for female patients undergone chest irradiation, starting at age 40 years 
or 5-8 years following the radiation therapy. 
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TNM CLASSIFICATION OF MALIGNANT TUMORS 
8th edition (2016) 


SKIN CARCINOMA 
Primary tumor (T) 
TX ~ Primary tumor cannot be assessed 
‘Tis — Carcinoma in situ 
TA — Tumor <2.0 cm in greatest dimension 
‘T2— Tumor 22.0 cm, but <4.0 cm in greatest dimension 
T3 ~ Tumor 24.0 cm in greatest diameter or minor bone invasion 
or perineural invasion or deep invasion® 
‘T4— Tumor with gross cortical bone/marrow. skull base invasion and/or skull base foramen 
invasion 
‘Ta ~ Tumor with gross cortical bone and/or marrow invasion 
‘Tb — Tumor with skull base invasion and/or skull base foramen involvement 
“Deep invasion defined as invasion beyond the subcutaneous fat or ~Gmm (as measured 
from the granular layer of adjacent normal epidermis to the base of the tumor), perineural 
invasion defined as tumor cells in the nerve sheath of a nerve lying deeper than the dermis 
of measuring 0.1mm or larger in caliber or presenting with clinical or radiographic 
involvement of named nerves without skull base invasion or transgression. 


‘Regional Lymph Nodes (N) 
Clinical N (eX) 
— nodes cannot be assessed 
NO —no regional node metastases 
[NI metastasis in single ipsilateral node, <3.0 em, and ENE%(-) 
NI 
‘N2a ~ metastasis in single ipsilateral node, >3.0 cm and <6.0 em, and ENE(-) 
‘N2b— metastasis in multiple ipsilateral nodes, all <6.0 em, and ENE( 
2c — metastasis in bilateral or contralateral nodes, all <6.0m, and ENE(-) 
NB 
‘N3a— metastasis in a node, >6.0 om, and ENE(-) 
‘3b — metastasis in a node with clinically overt ENE(+) 
Pathological N (pN) 
NX — Regional lymph nodes cannot be assessed 
NO ~ No regional lymph node metastasis, 
NI — Metastasis in a single ipsilateral lymph node <3.0 em in greatest dimension and 
ENE) 


Nz 
N2a~ Metastasis in a single ipsilateral lymph node, <3.0 cm in greatest 
dimension and ENE (+), or a single ipsilateral lymph node >3 em and 
‘<60 em in greatest dimension and ENE (-) 
‘N2b~ Metastasis in multiple ipsilateral lymph nodes, all <6.0 cm in greatest dimension 
and ENE (-) 
2c ~ Metastasis in bilateral or contralateral lymph node(s), all <6.0 cm in greatest 
dimension and ENE (-) 
NB 
‘N3a— Metastasis in a lymph node >6 em in greatest dimension and ENE (-); 
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"N3b— Metastasis in a single ipsilateral node >3 em in greatest dimension and ENE (+); 
‘or multiple ipsilateral, contralateral, or bilateral nodes, any with ENE (+); 
‘or single contralateral node of any size and ENE (+) 

*ENE ~ extranodular extension. 


Distant metastasis (M) 

‘MO — No distant metastasis 

eM — Distant metastasis 

pMI Distant metastasis, microscopically confirmed 


Pathological stage groups 
stage 0 Tis NO Mo 
TI No Mo 
m2 No Mo 
3 NO Mo 
TIT3 Mo 
14 ‘any M 
any T any M 
any T ML 
CUTANEOUS MELANOMA 
Primary tumor (T) 
‘TX — Primary tumour thickness cannot be assessed (e.g. curettaged or severely regressed. 
‘melanoma) 
‘T0—No evidence of primary tumour (eg., unknown primary or completely regressed 
melanoma) 


‘Tis — melanoma in situ 
T1—<1.0 mm in thickness 
Tla— <0.8 mm in thickness, without ulceration 
TIb—<0.8 mm in thickness, with ulceration 
S10 mm in thickness, with or without ulceration 
‘T2 —>1.0-2.0 mm mm thickness 
‘T2a— 1.1-2.0 mm in thickness, without ulceration 
‘T2b ~ |.1-2.0 mm in thickness, with ulceration 
3-21-40 mm unknown or unspecified 
‘T3a—>20-4.0 mm in thickness, without ulceration 
T3b~>2.0-4.0 mm in thickness, with ulceration 
‘T4—>4,0 mm unknown or unspecified 
‘T4a—>4.0 mm in thickness, without ulceration 
‘T4b ~ >4.0 mm in thickness, with ulceration 


Regional Lymph Nodes () 
NX ~ Patients in whom the regional nodes cannot be assessed (for example previously 
removed for another reason) 
NO — No regional metastases detected 
N1-0-1 node 
‘Nia~ clinically occult®, no MSI* 
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‘Nib clinically detectable’, no MSI 

‘Nic —O nodes, MSI present 
N2~ 23 involved nodes 

‘N2a ~ 2-3 nodes clinically occult, no MSI 

N2b - 2-3 nodes clinically detectable, no MSI 

‘Nic ~ | node clinically detectable or occult, MSI present 
N3 ~ 22 involved nodes, 

N3a~24 nodes, all clinically occult, no MSI 

N3b ~ 24 nodes, >| clinically detectable or matted, no MST 

N3c - 22 nodes clinically detectable or occult, MSI present 
"*Nodles are designated as ‘clinically detectable” if they can be palpated on physical 
‘examination and are confirmed melanoma by pathology following excision biopsy. 
"MSI comprise any microsatellite, satellite, or in-transit lesions 


Distant metastasis (M) 
MO — No evidence of distant metastasis 
M1 - Evidence of distant metastasis 
“Mla — Metastasis to skin, soft tissue including muscle and/or nonregional lymph 
rnode(s) 
‘Mla(0)* — Serum LDH not elevated 
‘Mla(1) ~ Serum LDH elevated 
MIb~ Metastasis to the lung 
‘MIb(0)— Serum LDH not elevated 
MIB(1) ~ Serum LDH elevated 
“Mle — Metastasis to visceral sites with or without Mla or MIb 
‘Mle(0) ~ Serum LDH not elevated 
Mle(1) ~ Serum LDH elevated 
‘Mid — Metastasis to CNS 
‘Mld(0) ~ Serum LDH not elevated 
‘MId(1) ~ Serum LDH not elevated 
“*Suffixes for M category: (0) LDH not elevated, (1) LDH elevated. No suffix is used if 
LDH is not recorded or is unspecified 


Pathological stage groups 

Stage 0° Tis No Mo 
Stage I 

IA Thad NO Mo 

1B Ta No Mo 
Stage If 

HA T2b-T3a Mo 

UB T3b-T4a Mo 

nc Tab Mo 

MA Taba Mo 

Stage IB 10 Mo 

Tla-bT2a NibecN2 Mo 

Td Nia Mo 

T3a Nla-N2 Mo 

mc To N2be Mo 

To N3be Mo 
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Te-T3a N2oNac Mo 

T3b-T4a = anyN. MO 

Tab Nla-N2e Mo 

mp Ta Nia Mo 
Stage IV any T anyN MI 


*Pathological stage 0 (melanoma in siti) and T1 do not require pathological evaluation of 
lymph nodes to complete pathological staging; use clinical N information to assign their 
pathological stage 
BRESLOW AND CLARK CLASSIFICAITIONS OF MELANOMA INVASION 
Breslow depth 
Breslow depth is a measurement (in millimeters) from the surface of the skin to the 
deepest component of the melanoma: 
‘$1.0 mm (melanoma in situ and early invasive melanoma) 
1.01-2.0 mm (intermediate risk lesion) 
2.01-4,0 mm (intermediate risk lesion) 
24.0 mm (high-risk lesion). 


‘The Clark level 
‘The Clark level refers to invasion of the melanoma through the layers of the skin. 
Currently, this is widely used for historical reference: 
Level I: Melanoma is confined to the epidermis 
Level II: Melanoma has invaded the papillary dermis 
dermis 
‘Level TV; Melanoma has invaded the reticular dermis 
Level V: Melanoma hes invaded the subcutaneous adipose tissue. 


CARCINOMA OF ORAL MUCOSA (INCLUDING LIP CARCINOMA) 


Primary tumor (T) 

‘TX — Primary tumor cannot be assessed 

Tis ~ Carcinoma in situ 

‘TA Tumor <2.0.em and DOI* <5 mm 

‘T2~ Tumor <2.0 cm, DOL >$ mm and <10 mm or tumor >2,0 cm and <4.0 om and DOL 

<10mm 
‘T3 — Tumor > 4.0 cm or any tumor with DOL >10 mm but <20 mm 
‘T4— Tumor invades adjacent structures 
‘Ta — Tumor invades adjacent structures only (e.g. through cortical bone of mandible, 

‘of maxilla, of involves the maxillary sinus or skin of the face) and/or DOI 
20mm 

Note: Superficial erosion of bone tooth socket (alone) by a gingival primary is not 

‘sufficient to classify a tumor as T4, 

‘T4b— Tumor invades masticator space, pterygoid plates, or skull base and/or encases 

the internal carotid artery 
*DOT: depth of invasion AJCC is currently discussing further refinement of T-stage 
stratification for small tumors (<2.0 em) with DOI >10 mm. 
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‘Regional Lymph Nodes (N) 

jeal (€N) 

NX — Regional nodes cannot be assessed, 

NO — No regional lymph node metastasis, 

N1~ Metastasis ina single ipsilateral lymph node < 3.0 em in greatest dimension and 
ENE*(-) 

[N2~ Metastasis in a single ipsilateral lymph node >3.0 cm but not more than 6.0 em in 
greatest dimension and ENE (-), or metastases in multiple ipsilateral lymph nodes, 
none > 6.0 em in greatest dimension and ENE (-), or in bilateral or contralateral 
lymph nodes, none > 6 cm in greatest dimension and ENE (-) 

N2a ~ Metastasis in a single ipsilateral lymph node >3.0 em but not more than 6.0 em in 
‘greatest dimension and ENE (-) 

‘N2b~ Metastasis in multiple ipsilateral lymph nodes, none >6.0 em in greatest 
dimension and ENE (-) 

‘N2e ~ Metastasis in bilateral or contralateral lymph nodes, none > 6.0 cm in greatest 
dimension and ENE (-) 

N3 ~ Metastasis in a lymph node >6 cm in greatest dimension and ENE (-); or metastasis, 
in any node(s) and clinically overt ENE (+) 

‘N3a— Metastasis in a lymph node > 6 cm in greatest dimension and ENE (-) 
‘N3b ~ Metastasis in any node(s) and clinically overt ENE (+) 

Pathological (pN) 

NX —Regional nodes cannot be assessed 

NO— No regional lymph node metastasis 

[NIL— Metastasis in a single ipsilateral lymph node <3.0 om in greatest dimension and no 
extranodal extension (ENE [-]) 

'N2— Metastasis in a single ipsilateral lymph node >3.0 cm but not more than 6 cm in 
‘greatest dimension and ENE (-), or metastases in multiple ipsilateral lymph nodes, 
none >6.0 cm in greatest dimension and ENE (-); or in bilateral or contralateral lymph 
‘nodes, none >6 0 em in greatest dimension and ENE (-) 

‘N2a— Metastasis in a single ipsilateral lymph node >3.0 em but not more than 6.0 em 
in greatest dimension and ENE (-) 

‘N2b— Metastasis in multiple ipsilateral lymph nodes, none >6.0 em in greatest 
dimension and ENE (-) 

2c ~ Metastasis in bilateral or contralateral Iymph nodes, none >6,0 em in greatest 
dimension and ENE (-) 

N3 — Metastasis in a lymph node >6 0 cm in greatest dimension and ENE (-); or metastasis 
in any node(s) and clinically overt ENE (+) 

N3a—_Metastasis in ¢ lymph node 6.0 om in greatest dimension and ENE (-) 
N3b ~ Metastasis in any node(s) and clinically overt ENE (+) 
“*Extranodal extension 


Distant metastasis (M) 

MO — No distant metastasis 

eM — Distant metastasis 

PMI — Distant metastasis, microscopically confirmed 


Pathological stage groups 
Stage 0 Tis No Mo. 
Stage I Tl NO MO 
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Stage II be) No Mo 
Stage IIT B NO Mo 
TI-T3 NI Mo 

Stage 1VB ‘Téa NO-NI Mo 
TI-T4a N2 Mo 

VB any NB Mo 

Tab anyN Mo 

Ive any any N MI 


CARCINOMA OF THE MAJOR SALIVARY GLANDS 


Primary tumor (T) 
‘TX — Primary tumor cannot be assessed 
TO ~ No evidence of primary tumor 
Tis — Carcinoma in situ 
‘1 — Tumor <2.0 cm in greatest dimension without extraparenchymal extension 
‘T2— Tumor >2.0 cm but not more than 4.0 cm in greatest dimension without 
cextraparenchymal extension 
‘T3 — Tumor >4.0 om and/or tumor having extraparenchymal extension 
T4 — Moderately advanced or very advanced disease 
‘Téa ~ Moderately advanced disease: tumor invades the skin, mandible, ear canal, 
and/or facial nerve 
‘Téb — Very advanced disease: tumor invades skull base and/or pterygoid plates and/or 
encases carotid artery 
“Extraparenchymal extension is clinical or macroscopic evidence of invasion of soft 
tissues. Microscopic evidence alone does not constitute extraparenchymal extension for 
classification purposes. 


‘Regional Lymph Nodes (N) 

Clinical N (€N) 

— Regional nodes cannot be assessed 

NO — No regional lymph node metastasis, 

'NI—Metastasis in single ipsilateral lymph node <3 0 em in greatest dimension and 
ENE) 

N2 ~ Metastasis in a single ipsilateral lymph node >3.0 em but not more than 6.0 em in 
greatest dimension and ENE (-)*, or metastases in multiple ipsilateral lymph nodes, 
none >6.0 cm in greatest dimension and ENE (-), or in bilateral or contralateral lymph 
nodes, none 6.0 em in greatest dimension and ENE (-) 

N2a—_Metastasis ina single ipsilateral lymph node >3,0 em but not more than 6 em in 
sgreatest dimension and ENE (-) 

N2b ~ Metastasis in multiple ipsilateral lymph nodes, none >6,0 cm in greatest 
dimension and ENE (-) 

2c ~ Metastasis in bilateral or contralateral lymph nodes, none >6.0 cm in greatest 
dimension and ENE (-) 

[N3 ~ Metastasis in a lymph node >6.0 em in greatest dimension and ENE (-); or metastasis 
in any node(s) with clinically overt ENE (+) 

‘N3a ~ Metastasis in a Iymph node >6 0 cm in greatest dimension and ENE (-) 
‘N3b — Metastasis in any node(s) with clinically overt ENE (+) 
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Pathological N (pN) 

NX — Regional Iymph nodes cannot be assessed 

[NO — No regional lymph node metastasis 

[NI Metastasis in a single ipsilateral lymph node <3.0 cm in greatest dimension and 
ENE) 

N2~ Metastasis in a single ipsilateral lymph node, 3.0 om or smaller in greatest dimension 
and ENE (+); ora single ipsilateral lymph node >3.0 em but not more than 6.0 em in 
greatest dimension and ENE (-), or metastases in multiple ipsilateral lymph nodes, 
none >6.0.cm in greatest dimension and ENE (-); or in bilateral or contralateral lymph 
nodes, none 6.0 cm in greatest dimension anki ENE (-) 

N2a ~ Metastasis in a single ipsilateral lymph node, 3.0 cm or smaller in greatest 
dimension and ENE (+), or a single ipsilateral lymph node >3.0 em but not 
more than 6.0 om in greatest dimension and ENE (-) 

2b ~ Metastasis in multiple ipsilateral lymph nodes, none >6,0 cm in greatest 
dimension and ENE (-) 

‘N2e— Metastasis in bilateral or contralateral lymph node(s), none >6.0 em in greatest 
dimension and ENE (-) 

N3— Metastasis in a lymph node >6 0 em in greatest dimension and ENE (-); or in single 
ipsilateral node >3.0 cm in greatest dimension and ENE (+); or multiple ipsilateral, 
contralateral, or bilateral nodes, any with ENE (+); ora single contralateral node of 

any size and ENE (+) 

N3a— Metastasis in a lymph node 6.0 om in greatest dimension and ENE (-) 

‘N3b— Metastasis in a single ipsilateral node >3.0 om in greatest dimension and ENE 
4); or multiple ipsilateral, contralateral, or bilateral nodes, any with ENE (+), 
ora single contralateral node of any size and ENE (+) 

“*Extranodal extension 


Distant metastasis (M) 

M0 — No distant metastasis 

‘¢MI ~ Distant metastasis 

pM — Distant metastasis, microscopically confirmed 


Pathological stage groups 
Stage 0 Tis Mo 
Stage I Tl Mo 
Stage IL 12 Mo 
Stage IM ae) Mo 
TO-T3 Mo 
Stage IVA T4a Mo 
TO-T4a Mo 
IVB any Mo 
Tab any N MO 
ive anyT any N MI 
LARYNGEAL CARCINOMA 
Primary tumor (T) 
Supragiottis 


‘TX — Primary tumor cannot be assessed 
Tis — Carcinoma in situ 
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1 Tumor limited to 1 subsite ofthe supraglottis, with normal vocal cord mobility 
T2~ Tumor invades mucosa of more than | adjacent subsite of the supraglottis or glottis or 
region outside the supraglottis (eg, mucosa of base ofthe tongue, vallecula, medial 
wall of piriform sinus), without fixation of the larynx 
‘T3 — Tumor limited to the larynx, with vocal cord fixation, and/or invades any of the 
following: postericoid area, preepiglottic space, paraglottic space, and/or inner cortex 
of the thyroid cartilage 
‘T4— Moderately advanced or very advanced 
‘T4a— Moderately advanced, local disease: Tumor invades through the outer cortex of 
the thyroid cartilage andor invades tissues beyond the larynx (eg, trachea, soft 
tissues of the neck, including deep extrinsic muscle of the tongue, strap muscles, 
thyroid, or esophagus) 
4b ~ Very ndvanced local disease: Tumor invades prevertebral space, encases carotid 
artery, or invades mediastinal structures 
Gilottis 
‘TX — Primary tumor cannot be assessed 
Tis — Carcinoma in situ 
‘TA — Tumor limited to the vocal cord(s) (may involve anterior or posterior commissure), 
with normal mobility, 
Tla~ Tumor limited to 1 vocal cord 
T1b—Tumor involves both vocal cords 
‘T2— Tumor extends to the supraglottis and/or subglotts, and/or with impaired vocal cord 
mobility 
‘T3— Tumor limited to the larynx with vocal cord fixation andlor invasion ofthe paraglottic 
space and/or inner cortex of the thyroid cartilage 
T4— Moderately advanced or very advanced 
‘4a —_Moderately advanced, local disease: Tumor invades through the outer cortex of 
the thyroid cartilage and/or invades tissues beyond the larynx (eg, trachea, ericoid 
cartilage, soft tissues ofthe neck including deep extrinsic muscle ofthe tongue, 
strap muscles, thyroid, or esophagus) 
Tb — Very advanced, local disease: Tumor invades prevertebral space, encases carotid 
artery, or invades mediastinal structures 
Subglotis 
‘TX — Primary tumor cannot be assessed 
Tis — Carcinoma in situ 
TL Tumor limited to the subglottis 
T2— Tumor extends to vocal cords) with normal or impaired mobility 
‘T3— Tumor limited to the larynx with vocal cord fixation and/or invasion of paraglottic 
space andlor inner cortex of the thyroid cartilage 
T4— Moderately advanced or very advanced 
‘T4a Moderately advanced local disease: Tumor invades cricoid or thyroid cartilage 
and/or invades tissues beyond the larynx (eg, trachea, sol tissues ofthe neck 
including deep extrinsic muscles ofthe tongue, strap muscles, thyroid, ot 


esophagus) 
Tb — Very advanced, local disease: Tumor invades prevertebral space, encases carotid 
artery. or invades mediastinal structures 


Regional Lymph Nodes (N) 


Clinical (cN) 
NX —Regional nodes cannot be assessed 
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—No regional lymph node metastasis 
NI ~ Metastasis ina single ipsitateral lymph node <3.0 em in greatest dimension and 
ENE*() 
|N2~Metastasis in a single ipsilateral lymph node >3.0 cm but not more than 6.0 em in 
greatest dimension and ENE (-), or metastases in multiple ipsilateral lymph nodes, 
‘none >6.0 cm in greatest dimension and ENE (-), or in bilateral or contralateral 
Iymph nodes, none >6.0 em in greatest dimension and ENE (-) 
N2a~ Metastasis in a single ipsilateral lymph node >3,0 cm but not more than 6.0 em in 
sreatest dimension and ENE (-) 
N2b~ Metastasis in multiple ipsilateral lymph nodes, none >6.0 cm in greatest 
dimension and ENE (-) 
2c ~ Metastasis in bilateral or contralateral lymph nodes, none >6,0 em in greatest 
dimension and ENE (-) 
N3 — Metastasis in a lymph node >6.0 em in greatest dimension and ENE (-); or metastasis 
in any node(s) and clinically overt ENE (+) 
‘3a — Metastasis in a lymph node >6 0 em in greatest dimension and ENE (-) 
‘N3b— Metastasis in any node(s) and clinically overt ENE (+) 

Pathological (pN) 

NX — Regional nodes cannot be assessed 

NO — No regional lymph node metastasis 

NI — Metastasis in a single ipsilateral lymph node <3.0 em in greatest dimension and 

ENE) 

[N2— Metastasis in a single ipsilateral lymph node >3.0 em but not more than 6.0 em in 
‘greatest dimension and ENE (-), or metastases in multiple ipsilateral lymph nodes, 
none >6.0 cm in greatest dimension and ENE (-) or in bilateral or contralateral lymph 
nodes, none >6.0 cm in greatest dimension and ENE (-) 

N2a~ Metastasis in a single ipsilateral lymph node >3.0 cm but not more than 6.0 em 
in greatest dimension and ENE (-) 

‘N2b- Metastasis in multiple ipsilateral lymph nodes, none >6.0 em in greatest 
ddimension and ENE () 

‘N2e ~ Metastasis in bilateral or contralateral Iymph nodes, none >6.0 em in greatest 
dimension and ENE (-) 

~ Metastasis in a lymph node >6.0 cm in greatest dimension and ENE (-); or metastasis 
in any node(s) and clinically overt ENE (+) 

‘N3a ~ Metastasis ina lymph node >6.0 cm in greatest dimension and ENE (-) 

N3b ~ Metastasis in any node(s) and clinically overt ENE (+) 

“*Extranodal extension 


‘Distant metastasis (M) 

MO ~ No distant metastasis 

€MI1 ~ Distant metastasis 

PMI — Distant metastasis, microscopically confirmed 


Pathological stage groups 

Stage 0 Tis No Mo 
Stage I Tl No MO 
Stage IT 2 No Mo 
Stage IIT 13 No Mo 
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TI-T3 NI Mo 

Stage IVB T4a NONI MO 
TI-T4a Nz Mo 

VB oanyT N3 MO 

TH any N Mo 

vc anyT any N MI 


LUNG CARCINOMA 
Primary tumor (T) 


1X 


To 
Tis — 


T1- 


n- 


13- 


4 


~ Primary tumor cannot be assessed, or tumor is proven by the presence of malignant 

cells in sputum or bronchial washings but not visualized by imaging or bronchoscopy 

‘No evidence of primary tumor 

Carcinoma in situ 

‘Squamous cell carcinoma in situ (SCIS) 

Adenocarcinoma in situ (AIS); adenocarcinoma with pure lepidic pattern, <3.0 em in 

greatest dimension 

‘Tumor <3.0 cm in greatest dimension, surrounded by lung or visceral pleura, without 

bronchoscopic evidence of invasion more proximal than the lobar bronchus (i.e, not 

in the main bronchus) 

‘Timi — Minimally invasive adenocarcinoma: adenocarcinoma (<3.0 em in greatest 
dimension) with a predominantly lepiic pattem and <5 mm invasion in 
reatest dimension 

Tia — Tumor <1.0 cm in greatest dimension A superficial, spreading tumor of any size 

‘whose invasive component is limited to the bronchial wall and may extend 
proximal to the main bronchus also is classified as Ta, but those tumors are 
uncommon. 

Tb —Tumor >1.0 em but <2.0 em in greatest dimension 

Tle Tumor >2.0 om but <3.0 cm in greatest dimension 

‘Tumor >3.0 om but <5.0 em or having any of the following features: 

Involves the main bronchus regardless of distance to the carina, but without 

involvement of the carina 

Invades visceral pleura (PL1 or PL2) 

Associated with atelectasis or obstructive pneumonitis extending to the hilar region, 

involving part or all of the lung 

‘T2—tumors with these features are classified as T2a if <4.0.cm or if the size cannot be 

determined and T2b if >4.0 em but <5.0 em 

‘Ta ~ Tumor >3.0 em but <4.0 em in greatest dimension 

‘T2b — Tumor >4.0 em but <5.0 em in greatest dimension 

‘Tumor >5.0 cm but <7.0 cm in greatest dimension or directly invading any of the 

following: parietal pleural (PL.3), chest wall (including superior sulcus tumors), 

phrenic nerve, parietal pericardium; or separate tumor nodule(s) in the same lobe as 
the primary 

‘Tumor >7.0 om or tumor of any size that invades one or more of the 

following: diaphragm, mediastinum, heart, great vessels, trachea, recurrent laryngeal 

nerve, esophagus, vertebral body. or carina; o separate tumor nodule(s) in an 

ipsilateral lobe different from that of the primary 
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Regional Lymph Nodes (N) 

~ Regional lymph nodes cannot be assessed 

—No regional node metastasis. 

[NI ~Metastasis in ipsilateral peribronchial and/or ipsilateral hilar lymph nodes and 
intrapulmonary nodes, including involvement by direct extension 

[N2 ~ Metastasis in ipsilateral mediastinal and/or subcarinal lymph node(s) 

N3 — Metastasis in the contralateral mediastinal, contralateral hilar, ipsilateral or 
contralateral scalene, or supraclavicular lymph node(s) 


Distant metastasis (M) 
MO — No distant metastasis 
MA - Distant metastasis 
Mila — Separate tumor nodule(s) in a contralateral lobe tumor, tumor with pleura or 
pericardial nodules or malignant pleural or pericardial effusion. Most pleural 
(pericardial) effusion with lung cancer are a result ofthe tumor. In a few 
patients, however, multiple microscopic examinations of pleural (pericardial) 
fluid are negative for tumor, and the fuid is nonbloody and not an exudate, If 
these elements and clinical judgment dictate that the effusion is not related to the 
tumor, the effusion should be excluded as a staging descriptor. 
Mlb - Single extrathoracic metastasis ina single organ and involvement ofa single 
rnon-regional node 
Mle ~ Multiple extrathoracie metastases in a single organ or in mtiple organs 


Pathological stage groups 
Stage 0 Tis No Mo 
Stage [AL Timi-Tla NO MO 
Taz Tlb NO Mo 
1A3 Tle NO Mo 
1B Ta No Mo 
‘Stage [1A T2b NO MO 
TB Tla-cT2a-b NI MO 
13 ‘NO MO 
StageHIA —Tlae/T2n-b ND wo 
T3 NI MO 
™ No-l Mo 
TB Tla-c/T2a-b N3 MO 
134 N2 MO 
mc 13-4 N3 MO 
StageIVA any T any N Mla-b 
IVB any T anyN Mle 
ESOPHAGEAL CARCINOMA 


Primary tumor (1) 

‘TX — Primary tumor cannot be assessed 

‘T0—No evidence of primary tumor 

Tis — High-grade dysplasia®, defined as malignant cells confined by the basement 
membrane 
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TI — Tumor invades lamina propria, muscularis mucosae, or submucosa 
‘Tla— Tumor invades lamina propria or muscularis mucosae 
Tlb~ Tumor invades submucosa 
‘T2 Tumor invades muscularts propria 
3 — Tumor invades adventitia 
‘T4 ~ Tumor invades adjacent structures 
‘Téa ~ Resectable tumor invading pleura, pericardium, azygos vein, diaphragm, or 
peritoneum 
‘Téb ~ Unresectable tumor invading other adjacent structures, such as the aorta, vertebral 
body, and trachea 
“*High-grade dysplasia includes all noninvasive neoplastic epithelial lesions formerly called 
carcinoma in situ; that term is no longer used for columnar mucosae anywhere in the 
gastrointestinal tract, 


Regional Lymph Nodes (N) 

NX— Regional lymph node(s) cannot be assessed 
NO — No regional lymph node metastasis, 

NI — Metastasis in 1-2 regional lymph nodes 

N2~ Metastasis in 3-6 regional Iymph nodes 

N3 — Metastasis in 7 or more regional lymph nodes 


Distant metastasis (M) 
‘MO —No distant metastasis 
‘MI — Distant metastasis 


Histologic grade (G) 

GX — Grade cannot be assessed ~ stage grouping as G1 

G1 — Well differentiated 

G2 — Moderately differentiated 

G3 — Poorly differentiated or undifferentiated* 

"If undifferentiated with glandular component, stage as G3 adenocarcinoma; if 
undifferentiated with squamous cell component, or tumor remains undifferentiated after 
further testing, group as G3 squamous cell carcinoma, 


Pathological stage groups 
‘Squamous cell carcinoma 
Stage 0 Tis No Mo Nat 
Stage IA Tia No Mo Gi.x** any 
1B TIb NO Mo GI-3,X any 
Tia No Mo G23 ay 
T2 NO Mo Gl any 
Stage A. n No Mo G23,X any 
13 No Mo any lower 
13 NO Mo GI ‘upperimiddle 
mB 13 No Mo G23 upperimiddle 
3 No Mo GX any 
13 NO Mo ay =X 
TI Nl Mo any any 
‘Stage TA. 1 N2 Mo any any 
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T2 NI Mo any any 
1B 23 Nz Mo any any 
3 NI Mo any any 
T4a NOH Mo any any 
Stage IVA TI4 N3 Mo any any 
Ta N2 Mo any any 
Tab NO-2 Mo any any 
IvB T4 NOS MI any any 
Adenocarcinoma 
Stage 0 Tis Mo 
Stage 1A. Tle Mo 
1B Ta Mo 
Tib Mo 
1c Tl Mo 
72 Mo 
Stage A Tl Mo 
UB n Mo 
3 Mo 
‘Stage IIA. 1 Mo 
2 Mo 
1B 23 Mo 
B Mo 
T4a Mo 
Stage IVA. Tl4 Mo 
T4a Mo 
Ta Mo 
TI-4 MI 
"N/A =not applicable, 
"X= not defined 
GASTRIC CARCINOMA 
Primary tumor (1) 


‘TX ~ Primary tumor cannot be assessed 
TO — No evidence of primary tumor 
‘Tis — Carcinoma in situ: intraepithelial tumor without invasion of the lamina propria 
1 — Tumor invades lamina propria, muscularis mucosae, or submucosa 
‘Tia Tumor invades lamina propria or muscularis mucosae 
Tlb~ Tumor invades submucosa 
‘72 ~ Tumor invades muscularis propria 
‘TS ~ Tumor penetrates subserosal connective tissue without invasion of visceral 
peritoneum or adjacent structures 
‘T4 — Tumor invades serosa (visceral peritoneum) or adjacent structures 
‘Téa ~ Tumor invades serosa (visceral peritoneum) 
Tb — Tumor invades adjacent structures 


‘Regional Lymph Nodes (N) 
NX — Regional lymph node(s) cannot be assessed 
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NO — No regional lymph node metastasis, 
[NI — Metastasis in 1-2 regional lymph nodes 
N2 ~ Metastasis in 3-6 regional lymph nodes 
N3 — Metastasis in seven or more regional lymph nodes 
‘N3a~ Metastasis in 7-15 regional lymph nodes 
‘N3b ~ Metastasis in 16 oF more regional lymph nodes 


Distant metastasis (M) 
MO —No distant metastasis 
M1 - Distant metastasis 


Pathological stage groups 


Stage 0 Tis Mo 
Stage IA 1 Mo 
1B 1 MO 

12 MO 

Stage A Tl Mo 
12 Mo 

3 Mo 

UB Tl MO 

12 MO 

3B Mo 

T4a ‘Mo 

Stage TIA, TR Mo 
3 ‘Mo 

T4a Mo 

Tab Mo 

1B TLT2 Mo 

3 N3a Mo 

TH NEN? Mo 

mc T3-T4a N3b ‘MO 

Tab N3ab ‘Mo 

Stage IV any T any N MI 


HEPATOCELLULAR CARCINOMA 


Primary tumor (1) 
‘TX ~ Primary tumor cannot be assessed 
TO —No evidence of primary tumor 
T1 - Solitary tumor <2.0 em, or >2.0 em without vascular invasion 
Tia Solitary tumor <2.0 em 
Tb ~ Solitary tumor >2.0 em without vascular invasion 
72 — Solitary tumor >2.0 em with vascular invasion; or multiple tumors, none >5.0 cm 
‘T3 — Multiple tumors, at least one of which is >5.0 em 
‘T4 — Single tumor or tumors of any size involving a major branch of the portal vein or 
hepatic vein, or tumor(s) with direct invasion of adjacent organs other than the 
zallbladder or with perforation of visceral peritoneum 


678 


Bayramov RB ‘Textbook of Oncology 


Regional Lymph Nodes (N) 
~ Regional lymph nodes cannot be assessed 
NO — No regional lymph node metastasis, 

NI — Regional lymph node metastasis, 


Distant metastasis (M) 
MO — No distant metastasis 
MA — Distant metastasis 


Pathological stage groups 


Stage LA Tia No Mo 
1B Tib NO Mo 

Stage Il m2 NO Mo 

Stage TIA 3 No Mo 
mB 14 No Mo 

StageIVA any T NI Mo 
1VB any any N MI 

PANCREATIC CARCINOMA 

Primary tumor (T) 


‘TX — Primary tumor cannot be assessed 
TO —No evidence of primary tumor 
‘Tis — Carcinoma in situ: includes high-grade pancreatic intraepithelial neoplasia (Pantn-3), 
intraductal papillary mucinous neoplasm with high-grade dysplasia, intraductal 
tubulopapillary neoplasm with high-grade dysplasia, and mucinous cystic neoplasm 
with high-grade dysplasia 
T1 — Tumor limited to the pancreas, <2.0 cm in greatest dimension 
Tia - Tumor <0 5 em in greatest dimension 
Tb - Tumor >0.5 em and <1,0 om in greatest dimension 
Tle - Tumor 1.0-2.0.cm in greatest dimension 
2 — Tumor limited to the pancreas, >2.0 cm and <4.0 cm in greatest dimension 
‘T3 — Tumor >4.0 om in greatest dimension 
‘T4— Tumor involves the celiac axis, superior mesenteric artery, andéor common hepatic 
artery, regardless of size 


Regional Lymph Nodes (N) 
NX — Regional lymph nodes cannot be assessed 
NO — No regional lymph node metastasis 

N1~ Metastasis in 1-3 regional lymph nodes 
N2~ Metastasis in 24 regional lymph nodes 


Distant metastasis (M) 
MO - No distant metastasis 
M1 - Distant metastasis 


Pathological stage groups 
Stage 0 Tis No 
‘Stage LA Tl NO MO 
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1B rR No Mo 
Stage TIA, B NO Mo 
UB 113 Nl Mo 

Stage IIT TI-T3 Nz Mo 
4 any N Mo 

Stage IV any T anyN MI 


COLORECTAL CARCINOMA, 


Primary tumor (T) 
‘TX — Primary tumor cannot be assessed 
TO — No evidence of primary tumor 
Tis — Carcinoma in situ: intraepithelial or intramucosal carcinoma (involvement of lamina 
propria with no extension through the muscularis mucosa) 
TI ~ Tumor invades submucosa (through the muscularis mucosa but not into the 
muscularis propria) 
T2—Tumor invades muscularis propria 
‘T3 — Tumor invades through the muscularis propria into the pericolorectal tissues 
‘T4—Tumor invades the visceral peritoneum or invades or adheres to adjacent organ or 
structure 
‘Téa - Tumor invades through the visceral peritoneum (including gross perforation of 
the bowel through tumor and continuous invasion of tumor through areas of 
inflammation to the surface of the visceral peritoneum) 
‘Téb —Tumor directly invades or is adherent to other organs or structures 
Note: (m) Select if synchronous primary tumors are found in a single organ. 


‘Regional Lymph Nodes (N) 
NX Regional lymph nodes cannot be assessed 
NO ~ No regional lymph node metastasis, 
[NI— Metastasis in 1-3 regional lymph nodes (tumor in lymph nodes measuring >0.2 mm) 
or any number of tumor deposits are present and all identifiable nodes are negative 
Nla~ Metastasis in 1 regional lymph node 
N1b ~ Metastasis in 2-3 regional lymph nodes 
‘Nic ~ Tumor deposit(s) in the subserosa, mesentery, or nonperitonealized, pericolic, or 
perirectal mesorectal tissues without regional nodal metastasis 
N2~ Metastasis in 4 or more lymph nodes 
‘N2a ~ Metastasis in 4-6 regional lymph nodes 
N2b ~ Metastasis in 7 or more regional lymph nodes 
Note: (sn) Select if regional lymph node metastasis identified by sentinel Iymph node 
biopsy only, (f) Select if regional lymph node metastasis identified by fine needle aspiration 
or core needle biopsy 


Distant metastasis (M) 

M0 —No distant metastasis by imaging or other studies, no evidence of tumor in distant 

sites or organs. (This category is not assigned by pathologists.) 

‘M1 ~ Metastasis to one or more distant sites or organs or peritoneal metastasis is identified 
Mla —Metastasis confined to 1 organ or site is identified without peritoneal metastasis 
€MIb ~ Metastasis to two or more sites or organs is identified without peritoneal 

metastasis 
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Mle — Metastasis to the peritoneal surface alone or with other site or organ metastases 
PMI — Metastasis to one or more distant sites or organs or peritoneal! metastasis is 
‘identified and microscopically confirmed 
pMla ~ Metastasis to one site or organ is identified without peritoneal metastasis and 
microscopically confirmed 
pMIb ~ Metastasis to two or more sites or organs is identified without peritoneal 
metastasis and microscopically confirmed. 
pMIc ~ Metastasis to the peritoneal surface is identified alone or with other site or 
‘organ metastasis and microscopically confirmed 
Note: The terms pMO and Mx are not valid categories in the TNM system. Assignment of 
the M category for clinical classification may be M0, M1 or pMI. Any of the categories 
(MO, CMI of pMt) may be used with pathological stage grouping 


Pathological stage groups. 


Stage 0 Tis No Mo 
Stage I TL-T2 No Mo 
Stage ILA TB No MO 
UB Téa No Mo 

ic Tab No Mo 
Stage IA. Tl Na Mo 
TI? Nac Mo 

1B TL-T2 N2b Mo 
1213 Noa Mo 

T3148 Niece MO 

me 13-T4a N2b Mo 

Tia Nu Mo 

Tab NIN2 Mo 
StageIVA any T anyN Mla 
VB anyT anyN Mlb 

Ive any T anyN Mic 


‘THE DUKES STAGING SYSTEM FOR COLORECTAL CARCINOMA 

‘The Dukes staging system (1932) is now mainly of historical interest as it has largely. 
been replaced by the TNM stoging system. Its not recommended for clinica practice. 
Dukes A — invasion into but not through the bowel wall 

‘Dukes B — invasion through the bowel wall but not involving lymph nodes 
‘Dukes C — involvement of lymph nodes 

Dukes D — widespread metastases. 


Astler and Coller modification (1954) of the Dukes staging system: 

stage A — limited to mucosa 

stage Bl — extending into muscularis propria but not penetrating through it; nodes not 
involved 

‘stage B2 — penetrating through muscularis propria, nodes not involved. 

stuge Cl — extending into muscularis propria but not penetrating through it; nodes 
involved 


stage C2 — penetrating through muscularis propria; nodes involved 
stage D — distant metastatic spread 
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BREAST CARCINOMA 


Primary tumor (1) 
‘TX ~ Primary tumor cannot be assessed 
TO No evidence of primary tumor 
Tis — Carcinoma in situ 
Tis (DCIS) ~ Ductal carcinoma in situ 
Tis Paget) ~ Paget disease of the nipple NOT associated with invasive carcinoma 
and/or carcinoma in situ (DCIS) in the underlying breast parenchyma 
Carcinomas inthe breast parenchyma associated with Paget disease are 
categorized on the basis ofthe size and characteristics of the parenchymal 
disease, although the presence of Paget disease should still be noted 
‘TA — Tumor <20 mm in greatest dimension 
‘Timi — Tumor = 1 mm in greatest dimension 
Tla~ Tumor >1 mm but <5 mm in greatest dimension (round any measurement >1.0- 
1.9 mm to 2 mm) 
T1b—Tumor >5 mm but <10 mm in greatest dimension 
‘THe Tumor >10 mm but <20 mm in greatest dimension 
T2— Tumor >20 mm but <50 mm in greatest dimension 
‘T3 — Tumor >50 mm in greatest dimension 
‘T4— Tumor of any size with direct extension o the chest wall and/or tothe skin (ulceration 
or skin nodules), not including invasion of dermis alone 
‘Ta ~ Extension to chest wall, nt including only pectoralis muscle adherence/invasion 
‘T4b — Uleration andior ipsilateral satellite nodules and/or edema (including "peau 
4 orange") ofthe skin, which do not meet the criteria for inflammatory carcinoma 
T4e~ Both T4a and Tab 
T4d — Inflammatory carcinoma 


Regional Lymph Nodes (N) 
Clinical (eX) 
eNX ~ Regional lymph nodes cannot be assessed (eg, previously removed) 
€NO— No regional lymph node metastasis (on imaging or clinical examination) 
‘€NI — Metastasis to movable ipsilateral level I, IT axallary lymph node(s) 
EN Imi — Micrometastases (approximately 200 cells, larger than 0.2 mm, but none 
larger than 2.0 mm) 
€N2 ~ Metastases in ipsilateral level 1, Il axillary lymph nodes that are clinically fixed or 
matted; or in ipsilateral internal mammary nodes in the absence of clinically evident 
axillary lymph node metastases 
cN2a ~ Metastases in ipsilateral level I, II axillary Iymph nodes fixed to one another 
(matted) or to other structures 
eN2b~ Metastases only in ipsilateral internal mammary nodes and in the absence of 
axillary lymph node metastases 
€N3— Metastases in ipsilateral infraclavicular (level I11 axillary) lymph node(s), with or 
‘without level I, If axillary node involvement, or in ipsilateral internal mammary 
lymph node(s) with level I, Il axillary lymph node metastasis, or metastases in 
ipsilateral supraclavicular lymph node(s), with or without axillary or internal 
mammary lymph node involvement 
cN3a~ Metastasis in ipsilateral infraclavicular lymph node(s) 
N3b — Metastasis in ipsilateral internal mammary lymph node(s) and axillary lymph 
nodes) 
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cN3e ~ Metastasis in ipsilateral supraclavicular lymph node(s) 
Note: (sn) and (f) suffixes should be added to the N category to denote confirmation of 
metastasis by sentinel node biopsy or fine needle aspiration/core needle biopsy, 
respectively. 
Pathological (pN) 
PNX ~ Regional lymph nodes cannot be assessed (for example, previously removed, or not 
removed for pathologic study) 
NO — No regional lymph node metastasis identified histologically, or IT Cs® only. 
pNO(i+) ~ ITCs only in regional lymph node(s) 
pNo(mol-) - No regional lymph node metastases histologically, negative molecular 
findings (reverse transcriptase polymerase chain reaction (RT-PCR) 
pNO(mol+) ~ Positive molecular findings by RT-PCR; no ITCs detected 
NI — Micrometastases; of metastases in |-3 axillary lymph nodes and/or in internal 
‘mammary nodes, and/or in clinically negative internal mammary nodes with 
micrometastases or macrometastases by sentinel lymph node biopsy 
pNImi ~ Micrometastases (200 cells, > 0.2. mm but none > 2.0 mm) 
pNla~ Metastases in 1-3 axillary lymph nodes (at least 1 metastasis > 2.0 mm) 
pNIb ~ Metastases in ipsilateral internal mammary lymph nodes, excluding ITCs, 
detected by sentinel lymph node biopsy 
pNic— Metastases in 1-3 axillary Iymph nodes and in internal mammary sentine! nodes 
(ie, pNIa and pN1b combined) 
pN2— Metastases in 4-9 axillary lymph nodes; or positive ipsilateral internal mammary 
lymph nodes by imaging in the absence of axillary lymph node metastases 
pN2a ~ Metastases in 4-9 axillary lymph nodes (at least 1 tumor deposit > 2.0 mm) 
pN2b — Clinically detected** metastases in intemal mammary lymph nodes with or 
without microscopic confirmation; with pathologically negative axillary lymph 
nodes, 
pN3 — Metastases in > 10 axillary lymph nodes, or in infraclavicular (level II axillary) 
lymph nodes; or positive ipsilateral internal mammary lymph nodes by imaging in the 
presence of one or more positive level I II axillary lymph nodes; or in > 3 axillary lymph 
nodes and micrometastases or macrometastases by sentinel Iymph node biopsy in clinically 
negative ipsilateral internal mammary lymph nodes, or in ipsilateral supraclavicular lymph 
nodes 
pN3a— Metastases in > 10 axillary lymph nodes (at least 1 tumor deposit > 2.0 
mm), or metastases tothe infraclavicular (level III axillary lymph) nodes 
pN3b ~ pN1a or pN2a in the presence of ¢N2b (positive internal mammary nodes by 
imaging) or pN2a in the presence of pNIb 
pN3c ~ Metastases in ipsilateral supraclavicular lymph nodes 
Note: ITCs* (isolated tumor cell clusters) are defined as small clusters of cells < 0.2 mm, or 
single tumor cells, of a cluster of <200 cells in a single histologic cross-section, ITCs may 
be detected by routine histology or by IHC*** methods; nodes containing only ITCs are 
excluded from the total positive node count for purposes of N classification but should be 
included in the total number of nodes evaluated pNOG) ~ No regional lymph node 
metastases histologically, negative IHC. 
"Clinically detected” is defined as detected by imaging studies (excluding 
Iymphoscintigraphy) or by clinical examination and having characteristics highly 
suspicious for malignancy or a presumed pathologic macrometastasis on the basis of FNA 
biopsy with cytologic examination. 
‘e* THC — immunohistochemical 
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Distant metastasis (M) 
MO-~ No clinical or radiographic evidence of distant metastasis 
cMOKi+) —No clinical or radiographic evidence of distant metastases inthe presence of 

tumor cells or deposits no larger than 0.2 mm detected microscopically or by 
‘molecular techniques in circulating blood, bone marrow, or other non- 
regional nodal tissue in a patient without symptoms or signs of metastases 

‘MI — Distant metastases detected by clinical and radiographic means 

PMI — Any histologically proven metastases in distant organs; or if in non-regional nodes, 

metastases >0.2mm 


Pathological stage groups 
Stage 0 Tis Mo 
Stage TA Tl Mo 
1B 10 Mo 
Tl MO 
Stage HA To-T1 MO 
T2 Mo 
1B 2 Mo 
B Mo 
Stage IIIA ToT? Mo 
3 Mo 
mB 14 Mo 
mc anyT ‘MO 
Stage IV any T MI 


Notes: T1 includes Timi 
TO and TI tumors with nodal micrometastases (NImi) are staged as Stage TB, 
‘12,73, and T4 tumors with nodal micrometastases (NImi) are staged using the NI 
category 
MO includes MOGi*) 
pMO is not valid; any MO is clinical 
Ifa patient presents with M1 disease prior to neoadjuvant systemic therapy, the stage is 
considered stage IV and remains stage IV regardless of response to neoadjuvant therapy. 
Stage designation may be changed if postsurgical imaging studies reveal the presence of 
distant metastases, provided the studies are performed within 4 months of diagnosis in the 
fico aman ogre wid prow th pllas is ol ests ares 

ry 
ogg Wig ocean’ Wi "VS" "99" pel tat a 
N classification. No anatomic stage group is assigned if there is a complete pathologic 
response (pCR) to neoadjuvant therapy, for example, ypTOypNOcM9. 


OVARIAN CARCINOMA. 
Primary tumor (T) 
“TX ~ Primary tumor cannot be assessed 
TO—No evidence of primary tumor 
T1— Tumor limited to the ovaries (one or both) 
T1a—Tumor limited to one ovary; capsule intact, no tumor on ovarian surface, no 
‘malignant cells in ascites or peritoneal washings 
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T1b— Tumor limited to both ovaries; capsules intact, no tumor on ovarian surface; no 
‘malignant cells in ascites or peritoneal washings 
Tle ~ Tumor limited to one or both ovaries with any of the subcategories below (IC1-3) 
Tiel ~ Surgical spill 
‘led Copal repre belo sgery or tnor on ortian x Billopn tbs 
face 
‘Te3 — Malignant cells in ascites or peritoneal washings 
‘T2_— Tumor involves one or both ovaries with pelvic extension below pelvic brim 
T2a — Extension andor implants on the uterus and/or tube(s) 
‘T2b- Extension to and/or implants in other pelvic tissues 
3 — Tumor involves one or both ovaries with microscopically confirmed peritoneal 
metastasis outside the pelvis and/or retroperitoneal lymph node involvement 
‘T3a— Microscopie peritoneal metastasis beyond the pelvis with or without positive 
retroperitoneal lymph nodes 
‘T3b— Macroscopic peritoneal metastasis beyond the pelvis 2.0 cm or less in greatest 
dimension with or without positive retroperitoneal lymph nodes 
‘T3e ~ Macroscopic peritoneal metastasis beyond the pelvis >2.0 em in greatest 
dimension including extension to liver capsule or spleen without parenchymal 


involvement of those organs and with or without positive retroperitoneal lymph 
nodes 


‘Regional Lymph Nodes (N) 
— Regional lymph nodes cannot be assessed 
NO —No regional lymph node metastasis 
‘NO(i+) — Isolated tumor cells in regional lymph node(s) <0.2 mm 
[NI — Positive (histologically confirmed) retroperitoneal lymph nodes 
‘Nia ~ Metastasis <10 mm in greatest dimension 
‘NIb—Metastasis more than 10 mm in greatest dimension 


Distant metastasis (M) 
‘MO — No distant metastasis 
‘M1 — Distant metastasis including cytology-positive pleural effusion; liver or splenic 
parenchymal involvement, extra-abdominal organ involvement including inguinal 
lymph nodes; transmural intestinal involvement 
Mla ~ Pleural effusion with positive eytology 
Mlb — Liver or splenic parenchymal metastases; metastases to extra-abdominal organs 
(including inguinal lymph nodes and lymph nodes outside the abdominal cavity); 
transmural involvement of intestine 


Pathological stage groups 

Stage I TI No Mo 
IA Tila NO MO 
1B Tib ‘NO MO 
ter Tiel NO MO 
1c2 Tle? NO MO 
Ic3 The} NO MO 

Stage I T2 ‘NO MO 
TA T2a NO MO 
HB T2b NO MO 


685 


Bayramov RB ‘Textbook of Oncology 


Stage ITAL TI NI Mo 
MAI = TH-T2 Nia Mo 
MAM) = T1-T2 Nib Mo 
MA2 Ta NONI Mo 
1B 3b NONI Mo 
mc Te NONI MO 
Vv any T any N MI 

StageIVA ony. any N Mla 
1VB anyT any N Mb 


ENDOMETRIAL CARCINOMA 


Primary tumor (1) 
"TX — Primary tumor cannot be assessed 
‘TO —No evidence of primary tumor 
‘Tis — Carcinoma in situ (preinvasive carcinoma) 
TI — Tumor confined to corpus uteri 
‘Tla— Tumor limited to endometrium or invades less than one half of the myometrium 
Tb — Tumor invades one half or more of the myometrium 
‘2 — Tumor invades stromal connective tissue of the cervix but does not extend beyond 
uterus 
‘T3a—Tumor involves serosa and/or adnexa (direct extension or metastasis) 
‘T3b— Vaginal involvement (direct extension or metastasis) or parametrial involvement 
‘T4— Tumor invades bladder mucosa andior bowel mucosa (bullous edema is not sufficient 
to classify a tumor as T4) 


‘Regional Lymph Nodes (N) 
NX— Regional lymph nodes cannot be assessed 
—No regional lymph node metastasis 
Regional lymph node metastasis to pelvic lymph nodes 
‘imi — Regional lymph node metastasis >0.2 mm but < 2.0 mm in diameter to pelvic 
lymph nodes 
‘Nia - Regional lymph node metastasis > 2.0 mm in diameter to pelvic lymph nodes 
N2-— Regional lymph node metastasis to para-aortic lymph nodes, with or without positive 
pelvic lymph nodes 
‘Nami — Regional lymph node metastasis > 0.2 mm but < 2.0 mm in diameter to para- 
aortic lymph nodes, with or without positive pelvic lymph nodes 
‘N24 ~ Regional lymph node metastasis > 2.0 mm in diameter to para-aortic lymph 
nodes, with or without positive pelvic lymph nodes 


Distant metastasis (M) 

MO—No distant metastasis 

MI — Distant metastasis (includes metastasis to inguinal lymph nodes, intraperitoneal 
disease, or lung, liver, or bone metastases; it excludes metastasis to para-aortic lymph 
nodes, vagina, pelvic serosa, or adnexa) 


Pathological stage groups 
Stage T Tl No Mo. 
IA Tie NO MO 
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1B TIb No Mo 
Stage IL T2 NO ‘Mo 
Stage IIT 13 No Mo 
MA Ta NO Mo 
1B T3b NO Mo 
mer TL-T3 NI Mo 
mc2 TITS N2 Mo 
Stage IVA 4 any N Mo 
IVBoanyT any N MI 


CERVICAL CARCINOMA 

Primary tumor (1) 

‘TX — Primary tumor cannot be assessed 

T0—No evidence of primary tumor 

‘Tis — Carcinoma in situ (preinvasive carcinoma) 

‘T1 — Cervical carcinoma confined to the cervix (disregard extension tothe corpus) 

Tia Invasive carcinoma diagnosed only by microscopy. stromal invasion with a 
‘maximum depth of <5.0 mm, measured from the base of the epithelium; vascular 
space involvement, venous or lymphatic, does not affect classification 

‘lal ~ Measured stromal invasion <3.0 mm in depth 
Tla2 - Measured stromal invasion >3.0 mm and <S.0 mm 

T1b —Invasive carcinoma with measured deepest invasion >S mm (greater than stage 

14), lesion limited to the cervix: 
Til — Invasive carcinoma with >5 mm depth of stromal invasion and <2 om in 
greatest dimension 
T1b2— Invasive carcinoma, 2 em to <4 cm in greatest dimension 
TIb3 — Invasive carcinoma, >4 cm in greatest dimension 
T2~ Cervical carcinoma invades beyond uterus but not to pelvic wall o to lower third of 
vagina 

T2a— Involvement limited to the upper two-thirds of the vagina, without parametrial 

invasion 
‘T2al — Invasive carcinoma <4 em in greatest dimension 
‘T2a2 — Invasive carcinoma >4 cm in greatest dimension 
‘T2b Tumor with parametrial invasion but not up tothe pelvic wall 
T3~ Carcinoma involves the lower third ofthe vagina and/or extends tothe pelvic wall 
andlor causes hydronephrosis or nonfunctioning kidney and/or involves pelvic and/or 
para-aortic lymph nodes 
‘T3a— Tumor involves lower third of vagina, with no extension to pelvic wall 
3b — Tumor extenuls to pelvic wall and or causes hydronephrosis or nonfunctional 
kidney 
‘T4 The carcinoma has extended beyond the true pelvis or has involved (biopsy proven) 
the mucosa of the bladder or rectum. (A bullous edema, as such, does not permit a 
case to be allotted to stage IV) 


Regional Lymph Nodes (N) 

NX — Regional lymph nodes cannot be assessed 
NO — No regional lymph node metastasis 

[NI Regional lymph node metastasis 
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Distant metastasis (M) 

MO No distant metastasis 

MI — Distant metastasis (including peritoneal spread; involvement of supraclavicular, 
‘mediastinal, or distant lymph nodes; and lung, liver, or bone) 


Pathological stage groups 

Stage I TI Mo 
IAL Tia Mo 
12 Tal Mo 
1B TIb Mo 
1B Tibl Mo 
TR Tib2 Mo 

Stage I T2 Mo 
MA T2a Mo 
HAL Tal Mo 
MA2 T2a2 Mo 
1B 12 Mo 

Stage IIT B Mo 
MLA T3a Mo 
1B T3b Mo 

Stage IVA. v4 Mo 
IVBanyT MI 

RENAL CELL CARCINOMA 

Primary tumor (T) 


‘TX — Primary tumor cannot be assessed 
TO — No evidence of primary tumor 
‘T1 — Tumor <7.0 em in greatest dimension, limited to the kidney 
Tla ~ Tumor <4,0 cm in greatest dimension, limited to the kidney 
‘T1b—Tumor >4.0 cm but <7.0 om in greatest dimension, limited to the kidney 
‘T2 — Tumor >7.0 em in greatest dimension, limited to the kidney 
‘T2a— Tumor >7,0 cm but <10.0 em in greatest dimension, limited tothe kidney 
‘T2b—Tumor >10.0 em, limited to the kidney 
3 — Tumor extends into major veins or perinephric tissues but not into the ipsilateral 
adrenal gland and not beyond the Gerota fascia 
‘T3a ~ Tumor grossly extends into the renal vein or its segmental (muscle-containing) 
branches, or tumor invades perirenal and/or renal sinus fat but not beyond the 
Gerota fascia 
T3b— Tumor grossly extends into the vena cava below the diaphragm 
3c — Tumor grossly extends into the vena cava above the diaphragm or invades the 
wall of the vena cava 
‘4 ~ Tumor invades beyond the Gerota fascia (including contiguous extension into the 
ipsilateral adrenal gland) 


Regional Lymph Nodes (N) 
NX — Regional lymph nodes cannot be assessed 
NO —No regional lymph node metastasis 

NI — Metastasis in regional lymph node(s) 
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Distant metastasis (M) 
MO No distant metastasis 
MI - Distant metastasis 


Pathological singe groupe 

Stage I NO MO 

Stage IL 2 No MO 

Stage IIL Tha NI Mo 

13 NX, NONI MO 

Stage 1V T4 anyN MO 
any T anyN MI 

BLADDER CARCINOMA 

Primary tumor (T) 


‘TX — Primary tumor cannot be assessed 
TO — No evidence of primary tumor 
Ta ~ Noninvasive papillary carcinoma 
‘Tis — Carcinoma in situ: “flat tumor” 
T1 — Tumor invades lamina propria (subepithelial connective tissue) 
‘T2—Tumor invades muscularis propria 
pT 2a — Tumor invades superficial muscularis propria (inner half) 
pI 2b—Tumor invades deep muscularis propria (outer half) 
‘T3— Tumor invades perivesical tissue 
pT3a— Microscopically 
pT3b—Macroscopically (extravesical mass) 
‘T4—Tumor invades any of the following: prostatic stroma, seminal vesicles, uterus, 
vagina, pelvic wall, abdominal wall 
‘Téa ~ Tumor invades prostatic stroma, uterus, vagina 
‘Tb —Tumor invades pelvic wall, abdominal wall 


Regional Lymph Nodes (N) 
Lymph nodes cannot be assessed 

NO — No lymph node metastasis 

N1 - Single regional lymph node metastasis in the true pelvis (perivesical, obturator, 
intemal and extemal iliac, or sacral lymph node) 

2 ~ Multiple regional lymph node metastasis in the rue pelvis (perivesical, obturator, 
intemal and extemal iliac, or sacral lymph node metastasis) 

N3 ~ Lymph node metastasis to the common iliac lymph nodes 


Distant metastasis (M) 

MO - No distant metastasis 

M1 Distant metastasis 
Mila Distant metastasis limited to lymph nodes beyond the common iliacs 
Mlb — Non-lymph node distant metastases 


Pathological stage groupe 
Stage Oa ‘NO Mo. 
Stage 0is ts NO Mo 
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Stage 1 Tl MO 
Stage IL Ted MO 
Stage IIIA T3eb Mo 
T4a MO 
TIT4a Mo 
1B TI-T4a Mo 
Stage IVA Tab Mo 
any T Mia 
VB oanyT Mlb 


PROSTATE CARCINOMA 


Primary tumor (1) 
Clinical T (€T) 
‘TX — Primary tumor cannot be assessed 
‘TO —No evidence of primary tumor 
T1 — Clinically unapparent tumor not palpable or visible by imaging 
Tla— Tumor incidental histologic finding in <SY% of tissue resected (at time of TURP) 
T1b— Tumor incidental histologic finding in >S*6 of tissue resected (at time of TURP) 
Tle — Tumor identified by needle biopsy (because of elevated PSA level) 
‘T2— Tumor confined within prostate (Note: tumors found in 1 or both lobes by needle 
biopsy but not palpable on DRE or reliably visible by imaging are classified as Tle) 
‘2a — Tumor involves one-half of 1 lobe or less 
T2b— Tumor involves more than one-half of 1 lobe but not both lobes 
2c - Tumor involves bath lobes 
3 — Tumor extends through the prostatic capsule (Note: invasion into the prostatic apex, or 
into, but not beyond the prostatic capsule is classified as T2) 
‘T3a~ Extracapsular extension (unilateral or bilateral) 
3b — Tumor invading seminal vesicle(s) 
‘T4— Tumor fixed or invades adjacent structures other than seminal vesicles (eg, bladder, 
levator muscles, and/or pelvic wall) 
Pathological T* (pT) 
pT2— Organ confined 
pT3 — Extraprostatic extension 
13a ~ Extraprostatic extension or microscopic invasion of the bladder neck 
pT3b— Seminal vesicle invasion 
pT4 Tumor is fixed or invades adjacent structures other than the seminal vesicles (eg, 
bladder, rectum) 
“There is no pathologic T classification, 


Regional Lymph Nodes () 

Clinical N (eN) 

NX — Regional lymph nodes were not assessed 
[NO —No regional lymph node metastasis 

NI — Metastasis in regional lymph node(s) 
Pathological N (pN) 

PNX — Regional nodes not sampled 

PNO ~ No positive regional nodes 

NI — Metastases in regional nodes(s) 
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Distant metastasis (M) 
MO0~ No distant metastasis 
MI-- Distant metastasis 
Mla—Non-regional lymph nodes(s) 
MIb—Bone(s) 
Mle*~ Other site(s) with or without bone disease 
"If more than 1 site of metastasis is present, use the most advanced category. 


Histopathologic grade (G) 

GX ~ Gleason score cannot be assessed 

Gleason <6 ~ Well differentiated (slight anaplasia) 

Gleason 7 — Moderately differentiated (moderate anaplasia) 

Gleason 8-10 ~ Poorly differentiated or undifferentiated (marked anaplasia) 


Grade groups 
Grade group Gleason score Gleason pattern(s) 
1 <6 343 
2 7 3+4 
3 7 453 
4 8 4+ 4G+5/5+3) 
5 9-10 445,544,545 
Pathological stage groups 
Stage I cTlaceT2a NO Mo <l0ngiml 1 
pr2 Mo <0 ng/ml 1 
Stage IT cTla-cleT2a Mo 210, 20ngml 
pr? MO 210,20ngml 1 
cT2be Mo 20 ng/ml 1 
1B TI2 Mo <20 ng/ml 2 
1c Tl Mo <20 ngiml 4 
Stage TTA 112 Mo 220 ng/ml 14 
1B 34 Mo any 14 
mC anyT ‘MoO any 5 
StageIVA any T MO any any 
IVB anyT anyN MI any any 


Note: If PSA or Gleason is not available, grouping should be determined by T stage and/or 
either PSA of Gleason, as available. 


THYROID CARCINOMA 


Primary tumor (T) 
‘TX — Primary tumor cannot be assessed 
TO ~ No evidence of primary tumor 
1 — Tumor < 2.0 cm limited to the thyroid 
‘Tia Tumor < 1,0 cm limited to the thyroid 
‘1b — Tumor >1.0 em but <2.0 cm limited to the thyroid 
‘2 — Tumor >2.0 em and <4.0 em limited to the thyroid 
‘T3 — Tumor >4.0 om limited to the thyroid or gross extrathyroidal extension invading only 
strap muscles 
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T3a— Tumor >40 cm limited to the thyroid 
3b — Gross extrathyroidal extension invading only strap muscles (sternohyoid, 
stemothyroid, thyrohyoid, or omohyoid muscles) from a tumor of any size 
4 Includes gross extrathyroidal extension into major neck structures 
‘Téa ~ Gross extrathyroidal extension invading subcutaneous soft tissue, larynx, trachea, 
esophagus, or recurrent laryngeal nerve from a tumor of any size 
‘Tb ~ Gross extrathyroidal extension invading prevertebral fascia or encasing carotid 
artery or mediastinal vessels from a tumor of any size 


Regional Lymph Nodes (N) 
Regional lymph nodes cannot be assessed 
NO — No evidence of locoregional lymph node metastasis 
‘Oa ~ One or more cytological or histologically confirmed benign lymph node 
‘Nob —-No radiologic or clinical evidence of locoregional metastasis 
NI — Metastasis to regional nodes 
Nla~ Metastases to level VI or VII (pretracheal, paratracheal, or prelaryngeal/ 
/Delphian, or upper mediastinal) lymph nodes. This can be unilateral or bilateral 
disease 
‘NIb— Metastasis to unilateral, bilateral, or contralateral lateral neck lymph nodes 
(levels I, IL II. TV or V) or retropharyngeal lymph nodes 


Distant metastasis (M) 
‘MO— No distant metastasis, 
‘MI — Distant metastasis 


-al stage groups for differentiated thyroid carcinoma 


any T anyN Mo 
any T anyN MI 
Tl NX,NO Mo 
m2 NX,NO Mo 
TLT2 NI MO 
T3eb — anyN. Mo 
Stage IT T4a = anyN MO 
Stage IVA Ta = anyN Mo 
1VB Tab anyN MI 
Paitadagicl Sigs pri foe ealary Higro earefoacia 
Stage 1 Tab Mo 
Stage IT Mo 
Stage IL Th Mo 
Stage IVA 1113 Mo 
Tae Mo 
IVB Tab MO 
IVC anyT Mi 


Pathological stage groups for anaplastic thyroid carcinoma 
Stage IVA TI-T3a NX MO 
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vB TLT3a NI Mo 
‘T3-T4anyN Mo 
IVC anyT any N MI 
SOFT TISSUE SARCOMA. 
Primary tumor (T) 


‘Soft tissue sarcoma of the head and neck 
‘TX ~ Primary tumor cannot be assessed 

‘TA ~ Tumor =2.0.em 

‘T2— Tumor >2.0 cm to <4.0 om 

3 — Tumor >4.0 om 

4 — Tumor with invasion to adjoining structures 
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‘T4a— Tumor with orbital invasion, skull base/dural invasion, invasion of central 
compartment viscera, involvement of facial skeleton, or invasion of pterygold 


muscles 


Tab — Tumor with brain parenchymal invasion, carotid artery encasement, prevertebal 
‘muscle invasion, or central nervous system involvement via perineural spread 


‘Soft tissue sarcoma of the trunk and extremities 
‘TX ~ Primary tumor cannot be assessed 

TO —No evidence for primary tumor 

Ti — Tumor <5,0 cm in greatest dimension 

‘T2— Tumor 5.0 cm to =10.0 em in greatest dimension 
‘T3 ~ Tumor >10,0 cm to <15,0 cm in greatest dimension 
T4— Tumor is >15.0 em 


‘Regional Lymph Nodes (N) 
NX — Regional lymph nodes cannot be assessed 
NO —No regional lymph node metastasis, 

N1— Regional lymph node metastasis: 


Distant metastasis (M) 
MO — No distant metastasis 
MA - Distant metastasis 


Histologic grade (G) 
GX ~ Grade cannot be assessed 


G1- Grade 1 

G2~Grade 2 

G3 Grade 3 

Pathological stage groups 

Stage IA TIT? No Mo 
1B 13-74 NO Mo 

Stage Il Tl S Mo 

Stage IA, ir) Mo 
1B 1314 Mo 

Stage IV any T Mo 


any T 
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‘TNM CLASSIFICATION OF OSTEOGENIC SARCOMA 
Primary tumor (T) 
Appendicular skeleton, trunk, skull and facial bones 
‘TX — Primary Tumor cannot be assessed 
TO—No evidence of primary tumor 
‘T1— Tumor less than or equal to 8.0m 
2 ~ Tumor more than 8.0 em 
‘T3 — Discontinuous tumors inthe primary bone site 
Spine 
‘TX ~ Primary Tumor cannot be assessed 
TO No evidence of primary tumor 
T1— Tumor confined to one vertebral segment or two adjacent vertebral segments. 
T2— Tumor confine to three vertebral segments 
3 Tumor confined to four or more adjacent vertebral segments or any nn adjacent 
segments 
‘TA Extension to the spinal canal or reat vessels 
‘T4a— Extension to the spinal canal 
‘4b ~ Evidence of gross vascular invasion or tumor thrombus inthe great vessels 
Peis 
‘TX — Primary Tumor cannot be assessed 
TO—No evidence of primary tumor 
‘TA — Tumor confine to one pelvic segment with no extraosscous extension 
Tla— Tumor less than or equal to 8.0 cm in greatest dimension 
T1b—Tumor more than 8.0 em in greatest dimension 
‘T2— Tumor confined to one pelvic segment with extraosseous extension or two segments 
without extraosseous extension 
‘T2a— Tumor less than or equal to 8.0 cm in greatest dimension 
T2b~Tumor more than 8.0 em in greatest dimension 
T3— Tumor spanning two pelvic segments with extracsseous extension 
‘T3a~ Tumor less than or equal to 8.0 cm in greatest dimension 
T3b— Tumor more than 8.0 em in greatest dimension 
‘T4— Tumor spanning three pelvic segments or crossing the sacroiliac joint 
‘T4a~ Tumor involves sacroiliac joint and extends medial to sacral neuroforamen 
‘T4b Tumor encasement of external iliac vessels or presence of gross tumor thrombus 
in major pelvic vessels 


Regional Lymph Nodes (N) 

NX — Regional lymph nodes cannot be assessed; because of rarity of lymph node 
involvement in bone sarcomas, the designation of NX may not be appropriate and 
ceases should be considered NO unless clinical node involvement is clearly evident 

NO —No regional lymph node metastasis, 

NL - Regional lymph node metastasis 


Distant metastasis (M) 
MO — No distant metastasis 
M1 — Distant metastasis 

Mla ~ Lung metastasis 

Mlb ~ Bone and other distant sites, 
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Histologic grade (G) 

GX — Grade cannot be assessed 

G1_- Well differentiated, low grade 

G2 — Moderately differentiated, high grade 
‘G3 — Poorly differentiated, high grade 


Pathological stage groups 
Stage 1A ql 
1B 
Stage ILA 
mB 
Stage IIT 
Stage IVA 
vB 


HODGKIN LYMPHOMA 


Cotswold modification of Ann Arbor staging for Hodgkin lymphoma 
‘Stage I — Single lymph node group 

‘Stage II — Multiple lymph node groups on same side of diaphragm 
‘Stage TIT — Multiple Iymph node groups on both sides of diaphragm 

‘Stage IV — Multiple extranodal sites or lymph nodes and extranodal disease 
X—Bulk>10.0 em 

E —Extranodal extension or single, isolated site of extranodal disease 

ABB symptoms: weight loss >10%, fever, drenching night sweats 


Lugano staging for Hodgkin lymphoma 
‘Stage I Involvement of a single lymphatic site (1c, nodal region, Waldeyer's ring, 
thymus, or spleen) 
TE — Single extralymphatic ste inthe absence of nodal involvement (rare in 
Hodgkin lymphoma) 
‘Stage 11 Involvement of two or more lymph node regions on the same side of the 
chaphragm 
TIE ~ Contiguous extralymphatic extension from a nodal site with or without 
involvement of other lymph node regions on the same side ofthe diaphragm 
TT bulky* ~ Stage If with disease bulk** 
‘Stage III — Involvement of lymph node regions on both sides ofthe diaphragm; nodes 
above the diaphragm with spleen involvement 
‘Stage IV — Diffuse or disseminated involvement of one or more extralymphatic organs, 
with or without associated lymph node involvement; or noncontiguous 
cexralymphatic organ involvement in conjunction with nodal stage II disease; or 
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‘any extralymphatic organ involvement in nodal stage III disease, Stage IV 
includes any involvement of the CSF, bone marrow, liver, or multiple lung, 
lesions (other than by direct extension in stage IIE disease) 


“Stage Il bulky may be considered cither early or advanced stage based on lymphoma 
histology and prognostic factors. 

“*The definition of disease bulk varies according to lymphoma histology. In the Lugano 
classification, bulk in Hodgkin lymphoma is defined as a mass grester than one-third of the 
thoracic diameter on CT of the chest or a mass >10.0 cm. For NHL, the recommended 
definitions of bulk vary by lymphoma histology. In follicular lymphoma, 6,0 em has been 
suggested based on the Follicular Lymphoma International Prognostic Index-2 and its 
validation. In DLBCL, cutoffs ranging from 5.0 cm to 10.0 cm have been used, although 10 
‘em is recommended. 
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ABBREVIATIONS 


A 

‘ACTH ~ adrenocorticotropic hormone 

ADT ~ androgen deprivation therapy 

AFAP ~ attenuated familial adenomatous polyposis 
AEP ~ alpha-fetoprotein 

‘Al aromatase inhibitor 

AIDS ~ acquired immunodeficiency syndrome 
AJCC ~ American Joint Committee on Cancer 
ALA — (5-) aminolevulinic acid 

‘ALCL. — anaplastic large cell lymphoma 

ALK ~ anaplastic lymphoma kinase 

ALP ~ alkaline phosphatase 

‘ALL ~ acute lymphocytic leukemia 

AML - acute myeloid leukemia 

‘AR ~ androgen receptor 

ART — antiretroviral therapy 

ASCT — autologous stem cell transplantation 
AST ~ alanine aminotransferase 


B 

‘BCG — Bacillus Calmette-Guérin 

[BER — base excision repair 

BMI — body mass index 

BMPRI — bone morphogenetic protein receptor 1 


c 
‘CAPOX - capecitabine/oxaliplatin 

CAR —chimeric antigen receptor 

‘CBC — complete blood cell count 

CCC ~ cholangiocellular careinoma 

CDK ~ cyclin-dependent kinase 

CEA ~ carcinoembrionic antigen 

CEUS - contrast-enhanced US 

Cl confidence interval 

CIN ~ cervical intraepithelial neoplasia 

CK ~ cytokeratin 

CMMRD - constitutional MMR deficiency 

‘CMP ~ comprehensive metabolic pane! 

CNS - central nervous system 

COM ~ carcinoma of the oral mucosa 

COPD ~ chronic obstructive pulmonary disease 

‘CSG ~ carcinoma of the salivary glands 

CT — computed tomography 

CTLA-4— cytotoxic T-lymphocyte-associated antigen 
C. sinensis — Clonorchis sinensis 


D 
DCIS — ductal carcinoma in situ 
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DDT — dichlorodiphenyltrichloroethane 
DEBs — drug-eluting beads 

DLBCL ~ diffuse lange B-cell lymphoma 
DLC — dye-less chromoendoscopy 

DOL — depth of invasion 

DRE ~ digital rectal examination 

DSI — dynamic spectral imaging 

DSK ~ dual-specificity kinases 

DWI - diffusion-weighted imaging, 


E 
EBRT - external-beam radiation therapy 
EBV — Epstein-Barr virus 
ECG - electrocardiography 
EFRT — extended-field radiation therapy 
EGER — epidermal growth factor receptor 
FGI — esophagogastric junction 
EM - electron microscopy 
EMA - European Medicines Agency 
[ENE ~ extranodal extension 
ER — estrogen receptor 
ERCP — endoscopic retrograde cholangiopancreaticography 
ERUS — endorectal ultrasonography 
ESD — endoscopic submucosal dissection 
ESR — erythrocyte sedimentation rate 
[BT'S -E26 transformation-specific 

~ European Union 
EUS — endoscopic ultrasonography 


F 
FA—Fanconi anemia 

FAP familial adenomatous polyposis 

FDA - food and drug administration 

FDG — fluorodeoxyglucose 

FGER ~ fibroblast growth factor receptor 

FGFR3 ~ fibroblast growth factor receptor-3 

FGF-2 —fibroblast growth factor-2 

FIGO ~ Fédération Intemationale de Gynécologie et d’Obstétrique 
FISH — fluorescent in situ hybridization 

FIT ~ fecal immunochemical test 

FLIPI ~ follicular lymphoma International Prognostic Index 

ENA ~ fine-needle aspiration 

FNAB ~ fine-needle aspiration biopsy 

FOLFIRI - leucovorin’S-FU/irinotecan 

FOLFOX ~ leucovorin’S-FU/oxaliplatin 

FOLFOXIRI — leucovorin/S-FU/oxaliplatin/irinotecan 


G 
Gd —gadolinum 
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GDP ~ guanosine diphosphate 
GEP — gene expression profiles 

GERD ~ gastroesophageal reflux disease 

GGT — gamma-glutamyl transpeptidase 

GnRH — gonatotropin-releasing hormone 

GIST ~ gastrointestinal stromal tumor 

GI-NET — gastrointestinal neuroendocrine tumor 
GTP ~ guanosine triphosphate 


H 
HAART — highly active antiretroviral therapy 
H&E ~ hematoxylin and eosin 

HBV — hepatitis B virus 

HCC hepatocellular carcinoma 

HCV — hepatitis C virus 

HDCT — high-dose chemotherapy 

HDI human development index. 

HDP hydroxyl diphosphonate 

HDR ~ homology-directed repair 

HER2— human epidermal growth factor receptor 2 
‘HHV-8 — human herpesvirus-8 

HIF — hypoxia-inducible factor 

HIFU — high-intensity focused ultrasound 

‘HIV — human immunodeficiency virus 

HLA — human leukoeyte antigen 

HNPCC — hereditary non-polyposis colorectal cancer 
HPV — human papillomavirus 

HRS — Hodgkin and Reed-Stemberg 

HTLV-1 —human T-lymphotropic virus type 1 

H. pylori — Helicobacter pylon 


1 
TARC ~ International Agency for Research of Cancer 
ICL — immune checkpoint inhibitor 

TEN-a ~ interferon alpha 

TERT — involved-field radiation therapy 

TORT — image gue rediation theropy 

interleukin-2 

TM numer 

IMRT — intensity-modulated radiation therapy 

IPI - International Prognostic Index 

IPS ~ International Prognostic Score 

ISRT — involved-site radiation therapy 


L 

LAT — local ablative treatment 

LAVA — liver acceleration volume acquisition 
LCCSCT ~ large-cell calcifying Sertoli-cell tumor 
LCS — lobular carcinoma in situ 
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LDCT — low-dose computed tomography 

LDH — lactate dehydrogenase 

LDR ~ low-dose rate 

LH — luteinizing hormone 

LHRH ~ luteinizing hormone-releasing hormone 
IND - lymph node dissection 

LP — lymphocyte predominant 

LITA = laser thermal ablation 


M 
MAGE - melanoma antigen gene 

MAL - methyl aminolevulinate 

MAP — MUTYH-associated polyposis 

MAPK ~ mitogen-activated protein kinase 

‘MBOCA — 44’-methylene-bis(2-chloroaniline) 

MDP ~ methylene diphosphonate 

MDS - myelodysplastic syndrome 

MIBC ~ muscle-invasive bladder carcinoma 

MIPI ~ mantle cell lymphoma International Prognostic Index 
‘MMR — mismatch repair 

‘mpMRI — multiparametric magnetic resonance imaging (mpMRI) 
‘MR — magnetic resonance 

‘MRCP — magnetic resonance cholangiopancreatography 
“MRF ~ mesorectal fascia 

‘MRI — magnetic resonance imaging 

‘MRS — magnetic resonance spectroscopy 

‘MSI ~ microsatellite instability 

‘MSI-H high-level microsatellite instability 

‘mTOR - mammalian target of rapamycin 

‘MIWA - Microwave ablation 


N 
CCN — National Comprehensive Cancer Network 

[NGS — next-generation sequencing 

NHEJ — non-homologous DNA end joining 

\NLPHI. — nodular lymphocyte-predominant Hodgkin lymphoma 
NOS ~ not otherwise specified 

NRTK = non-receptor tyrosine kinase 

NSAID — non-steroidal antiinflammatory drug 

NSCLC — non-small cell lung carcinoma 

NTRK --neurotrophic tyrosine receptor kinase 


° 
OMD - oligometastatic disease 
0. vivernini ~ Opisthorchis viverrint 


P 
PAL - polyeyclic aromatic hydrocarbons 
PARP — poly adenosine diphosphate-ribose polymerase 
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PBI partal-breast irradiation 

PCB - polychlorinated biphenyl 

PCN ~ percutaneous nephrostomy 

PCR ~ polymerase chain reaction 

PDGF - platelet-derived growth factor 

PDGFR ~ platelet-derived growth factor receptors 
PD-1 ~ programmed cell death «1 

PD-LI - programmed cell death ligand-1 

PDT — photodynamic therapy 

PET-CT ~ positron emission tomography-computed tomography 
PES ~ progression-free survival 

PI — proteasome inhibitor 

PIGE — placental growth factor 

PIT ~ photoimmunotherapy 

PLD — pegylated liposomal doxorubicin 

PO per os 

PPI — proton pump inhibitor 

PPNAD — primary pigmented nodular adrenocortical disease 
PR - progesterone receptor 

PSA — prostate specific antigen 

PTC — percutaneous transhepatic cholangiography 


R 

RFA —radiofrequency ablation 

‘Rheb - ras homolog enhanced in brain 

RIT ~radioimmunotherapy 

ROS — oxygen reactive species 

RPT -radiopharmaceutical therapy 

TK —receptor tyrosine kinase 

RT-PCR - reverse transcription polymerase chain reaction 


Ss 

SBRT -stereotactic body radiation therapy 

SC ~ subcutaneous 

SCC — squamous cell carcinoma 

SCLC — small cell ung carcinoma 

SCTAT ~ sex cord tumor with annular tubules 

SEER ~ Surveillance, Epidemiology, and End Results 
SEM — scanning electron microscopy 

SERD ~ selective estrogen receptor degrader 

SERM ~ selective estrogen receptor modulator 

SIADH ~ syndrome of inappropriate antidiuretic hormone secretion 
SIL. — squamous intraepithelial lesion 

SLN - sentinel lymph node 

SLND ~ sentinel lymph node dissection 

SPECT ~ single-photon emission computed tomography 
SRS — stereotactic radiosurgery 

SVC — superior vena cava 

‘S japonicum ~ Schistosoma japonicum 

‘S. haematobium — Schistosoma haematobium 
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T 

‘TAB — transarterial embolisation 

‘TACE --transarterial chemoembolization 
‘TAM —-transanal endoscopic microsurgery 
AMIS — transinal minimally invasive surgery 
TARE ~ transarterial radioembolization 
TCGA ~ Tumor Cancer Genome Atlas 
‘TDLU — terminal duct lobular unit 

TGF-a-~ transforming growth factor alpha 
TGF-f — transforming growth factor beta 
‘TK ~ tyrosine kinase 

‘TKI — tyrosine kinase inhibitor 

‘TME - total mesorectal excision 

‘TNF —tumor necrosis factor 

‘TPN — total parenteral nutrition 

‘TRPS — trichorhinophalangeal syndrome 
‘TRUS ~ transrectal ultrasonography 

TSH - thyroid-stimulating hormone 

‘TUR — transurethral resection 

‘TURP — transurethral resection of the prostate 
TIW—Tl-weighted 

TIWI—T1-weighted imaging 
‘T2W—T2-weighted 

T2WI - T2-weighted imaging 


u 

UK — United Kingdom 

‘UPP — ubiquitin-proteasome pathway 

US — ultrasonography 

USA - United States of America 

‘USD — United States’ dollar 

USPSTF — United States’ Preventive Service Task Force 
UV~ ultraviolet 

UVB - ultraviolet B 


v 

VATS — video-assisted thoracoscopic surgery 

VEGF - vascular endothelial growth factor 

\VEGFA - vascular endothelial growth factor A. 
VEGFR — vascular endothelial growth factor receptor 


Ww 
WBRT — whole breast radiotherapy 
WHO — World Health Organization 


3DCRT - three-dimensional conformal radiation therapy 
3DEM ~ three-dimensional electron microscopy 

5-FU — 5-fluorouracil 

‘99m'T¢ MDP - technetium-99m-methyl diphosphonate 
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